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5 NOVEL GLYCOCONJUGATES, GLYCOAMINO ACIDS, INtERMEDlATES 
THERETO, AND USES THEREOF 

Priority Information 

This application claims priority under § 119(e) of the United Stafes Code to 
10 provisional application 60/150,088, filed August 20, 1999, entitled "Synthesis and 
Bioconjugation of the n-Pentenyl Glycoside of the Tumor-Associated Antigen Fucosyl 
GMl", the entire contents of which are hereby incorporated by reference. 

Government Support 

15 The present invention was supported by the National Institutes of Health Grant 

Numbers: AI16943 and CA28824. Therefore, the government has certain rights in the 
present invention. 

Background of the Invention 

20 The improvement of existing therapeutics and the development of novel 

therapeutics to treat and/or prolong survival of cancer patients has been the subject of 
continuing research in the scientific community. Although certain of these efforts have 
been directed to more "traditional" chemotherapeutics (e.g., Paclitaxel and other small 
molecule and/or natural product based therapies) that act by killing malignant cancer 

25 cells, it has also been a long-standing goal (Lanzavechis, Science, 260, 937-944; Pardoll 
etal., Curr. Opin, Immunol. 1993, 5, 719-725; Livingston etal., Curr. Opiru Immunol 
1992, 4, 2; Dranoff a/., Proc, Natl Acad. Sci, USA 1993, 90, 3539; M.H. Taoet et al. 
Nature, 1993, S62,15S\ T. Boon, Int. J. Cancer 1993, 54, 177) to develop an anti-cancer 
vaccine to induce an anticancer response. Although cancer vaccines have thus far been 

30 perceived as a mode of treatment subsequent to the detection of the disease (for example, 
by providing an enhanced immunological response), it would be most desirable to 
develop a selective synthetic vaccine that would be able to provide enhanced protection 
against tumor recurrence and metastasis when the tumor burden has been rendered 
minimal through surgery, radiation or other chemotherapeutic treatment. 

35 In general, tumor immunotherapy is based on the theory that tumors possess 

specific antigens that can be recognized when presented to or processed by a properly 



1 
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trained immune system. The goal for the development of an effective anticancer vaccine 
is to break the tolerance which the immune system has for these antigens expressed 
mainly or exclusively by the tumor, by presenting glycoconjugates as versions of 
immunostimulatory antigens, to induce an effective immune response. In an effort to 
achieve this goal, identified cancer carbohydrate antigens such as TF, Tn, sTN, KH-1, 
Le^ and Globo-H have been carefully characterized as being over-expressed at the surface 
of malignant cells in a variety of cancers (breast, colon, prostate, ovarian, liver, small cell 
lung and adenocarcinomas). In addition, they have been immunocharacterized by 
monoclonal antibodies and therefore have relevant serological markers available for 
immunological studies. Such studies have suggested that patients immunized in an 
adjuvant setting with carbohydrate-based vaccines produce antibodies reactive with 
human cancer cells, and that the production of such antibodies prohibits tumor recunence 
and correlates with a more favorable diagnosis (see, Livingston et al., J. Cancer Res. 
1989, 49, 7045; Ragupathi, G. Cancer Immunol. Immunother. 1996, 43, 152). 
Additionally, the isolation and careful structural identification of specific carbohydrate 
antigens overexpressed in cancer cells has provided a framework for an attack using 
carbohydrate-based tumor immunotherapy (For reviews see (a) Hakomori, S.; Zhang, Y. 
Chem. Biol 1997, 4, 97; (b) Toyokuni, T.; Singhal, A. K. Chem. Soc. Rev, 1995, 24, 23 
and references therein). 

A major drawback in using carbohydrate epitopes, however, is that they are 
generally not readily available by isolation from natural sources. For example, the 
immense difficulties associated with their purification from natural sources render them 
virtually nonavailable as homogeneous starting materials for a clinical program. Thus, 
the incorporation of these naturally occurring epitopes into carrier proteins or any 
favorable molecular context via conjugation for eliciting a therapeutically usefiil 
immunological response is inefficient at best, and often virtually impossible. Therefore, 
to effectively study these vaccines as therapeutic agents, sufficient material can only be 
obtained by total chemical synthesis. 

In an effort to remedy this problem, one of the continuing research" efforts is the 
development of anti-cancer vaccines that incorporate fully synthetic carbohydrate 
moieties (For a review, see Danishefsky, S.J.; Allen, J.R. Angew Chem. Int. Ed 2000, 39, 
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5 83 6-863). One strategy for the development of synthetic anti-cancer vaccines involves the 
total synthesis of the carbohydrate epitope and its subsequent covalent bioconjugation to 
carrier protein. The vaccine constructs are then subjected to appropriate mouse 
immunization studies, with the ultimate goal of advancing to human clinical trials. This 
strategy has resuhed in several fully synthetic tumor associated carbohydrate-based 

10 vaccines which are at various stages of advanced pre-clinical and clinical processing. In 
fact, a Globo-H vaccine is undergomg clinical evaluation for the treatment of prostate and 
breast carcinomas at the phase II level (see, for example, Ragupathi et al,Angew. Chem. 
Int. Ed. Engl 1997, 36, 125) while a Lewis^ antigen-based vaccine, already tested in 
ovarian cancer, is awaiting more extensive follow-up evaluation (see, Kudryashov et al, 

15 Cancer Immunol Immunother. 1998, 45, 281). 

Although several synthetic constructs have been developed in recent years, as 
described above, and in other references described herein, there remains a need for the 
further investigation to develop novel constructs capable of eliciting a more sustained or 
effective (and preferably selective) immune response. Clearly, in an effort to achieve this 

20 goal, it would be useful to develop improved and/or novel synthetic methods to access 
heretofore synthetically unavailable antigenic components (e.g., more complex antigenic 
components such as fucosyl GMl, clustered epitopes and similar structures), or to access 
non-natural structures derived from naturally occurring structures for further 
immunologic and therapeutic studies. 

25 

Summary of the Invention 

In recognition of the need to further develop novel constructs and improved 
synthetic methods, the present invention, in one aspect, provides novel n-alkenyl 
glycosides and glycoconjugates, n-alkyl giycoamino acids, and methods for the synthesis 

30 thereof In another aspect, the present invention provides novel clustered glycopeptides 
arid methods for the synthesis thereof In still another aspect, the present invention 
provides methods for the treatment of cancer, preferably for the prevention of recurrence 
of cancer, and methods for inducing antibodies in a subject comprising administering to a 
subject in need, an effective amount of any of the inventive glycoconjugates as disclosed 

35 herein. 
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The general synthetic methodology disclosed herein involves the realization that 
the incorporation of an n-alkenyl glycoside protecting group at the reducing end of a 
carbohydrate acceptor allows for increased coupling efficiencies and accessibility to 
10 complex carbohydrates. Thus, the present invention also provides the recognition that for 
certain protected carbohydrates, the n-alkenyl moieties can serve as useful precursors that 
can be utilized ultimately for the synthesis of complex glycopeptides. 

Thus, in one aspect, the present invention provides novel synthetic methodologies 
for the synthesis of complex carbohydrates comprising (1) providing a carbohydrate 
acceptor having a reducing end alkenyl group; (2) providing a suitable donor compound 
and (3) coupUng said donor and acceptor under conditions to generate an alkenyl 
glycoside. Using this method, complex antigenic alkenyl glycosides are provided, as 
described above, many of which never before have been provided, which can then be 
conjugated or further reacted, as described herein, to generate glycoconjugates and 
20 glycopeptide Structures. 

In general, the present invention provides novel compounds and/or conjugates 
having the general structure: 



15 



25 



30 



wherein R is hydrogen; substituted or unsubstituted alkyl; alkenyl; aiyl; 
.CH2CH(C02R*)(NHR"), wherein R' or R" are each indpendently hydrogen, protecting 
group, substituted or unsubstituted alkyl, a linker, aryl, peptide, protein or lipid; or 
NHR'", wherein R"' is a protein, peptide, or lipid linked to N directiy or through a 
crosslinker; wherein n is 0-8; wherein A is a carbohydrate domain having the structure:- 
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wherein a, b, c, d, e, f, g, h, i, x, y and 2 are independently 0, 1, 2 or 3, with the 
proviso that x, y and z are not simultaneously 0; wherein Ro is hydrogen, a linear or 
branched chain alkyl, acyl, arylaUcyl or aryl group; wherein Ri, R2, R3, R4 , R5, R* , R7, 
10 Rg and R9 are each independently hydrogen, OH, OR^ NH2, NKCOR', F, CH2OH, 
CH2OR', a substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyi, arylalkyl or aryl group; wherein R^ is 
hydrogen, CHO, COOR", or a substituted or unsubstituted linear or branched chain alkyl, 
arylalkyl or aryl group or a saccharide moiety having the structure: 




w 



wherein Y and Z are independently NH or O; wherein k, 1, r, s, t, u, v and w are 
each independently 0, 1 or 2; wherein Rto, Rii, R12, Ri3, Ri4 and R15 are each 
20 independentiy hydrogen, OH, OR"', NH2, NHCOR'", F, CHjOH, CH2OR"", or a 
substituted or imsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyaIkyl, (mono-, di- or tri)acyloxy alkyl, arylalkyl or aryl group; wherein Rje is 
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5 hydrogen, COOH, COOR'', CONHR", a substituted or unsubstituted linear or branched 
chain alkyl or aryl group; wherein R'" is hydrogen, CHO, COOR'^, or a substituted or 
unsubstituted linear or branched chain alkyl, arylalkyl or aryl group; and wherein R" and 
R'^ are each independently H, or a substituted or unsubstituted linear or branched chain 
alkyl, arylalkyl or aryl group; 

10 with the proviso that if A is KH- 1 , N3, globo-H, glycophorin, Tn, TF, STN, 

(2,3)ST, 2,6-STn or Le^, and A is a-O-linked, then n is at least 1. 

In certain preferred embodiments of the present invention, R is allyl, n is 2 and , 
thus the inventive compound is a n-pentenyl moiety. In certain other embodiments of the 
present invention, R is NHR'", and the protein R'" is KLH or Bovine Serine Albumin. In 

1 5 still other embodiments of the present invention, R is NHR"*, and the lipid R"' is 
PainCys. It will be appreciated that the protein or lipid can be linked to N directly or 
through a crosslinker, and thus R*" incorporates proteins, peptides, and lipids, as well as 
(crossUnker-protein), (crosslinker-peptide) and (crosslinker-lipid) moieties. In certain 
preferred embodiments, the crosslinker is MMCCH (4-(maleimidomethyl) cyclohexane- 

20 l-carboxylhydrazide). 

In other embodimentSj the inventive compound is a glycoamino acid and thus R is 
CH2CH(C02R')(NHR"), which pompound has the structure 



25 



CO2R' 

NHR" 



In certain preferred embodiments, the glycoamino acids of the present invention 
are derived &om n-pentenyl glycosides and thus n is 3. In certain other preferred 
embodiments, R' and R" are each a protecting group independently selected from the 
group consisting of r-butyl, TSE (2-(trimethylsilyl ethyl), Ac (acetyl), Boc (/- 
30 butoxycarbonyl), and Fmoc (9-fluoroenyl methoxy carbonyl). 

For each of the compounds described above, in certain preferred embodiments the . 
carbohydrate determinant is selected from the group consisting of Globo-H, fucosyl 
GMl, KH-1, glycophorin, N3, Tn, TF, STN, (2.3)ST, 2,6-STn, and Le^. In other 
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5 preferred embodiments, the carbohydrate determinant of the compound contains a Globo- 
H determinant or fucosyl GMl determinant, as all of part of the carbohydrate determinant 
A. 

Additionally, the present invention provides methods for the synthesis of novel n- 
alkyl glycoamino acids, as described in more detail below for Globo-H and fucosyl GMl 
10 and their subsequent use to generate novel glycopeptides and synthetic constructs thereof 
In general, the inventive method for the production of these novel glycoamino 
acids comprises: 1) providmg an alkenyl glycosidic moiety, as described herein; 2) 
subjecting said alkenyl glycosidic moiety to oxidative conditions to generate an aldehyde; 
3) subjecting said aldehyde to olefmation conditions to generate an enamide ester; 4) 
1 5 subj ecting said resulting enamide ester to conditions sufficient to hydrogenate said 

enamide ester to generate a protected glycoamino acid and 5) deprotecting said protected 
glycoamino acid under suitable conditions to generate a desired glycoamino acid. 

In particular, a method for the synthesis of a glycoamino acid, the structure of 
which is set forth herein, is provided, which comprises the steps of: 
20 (a) providiiig an alkenyl glycoside having the structure: 

(b) reacting said alkenyl glycoside under suitable conditions to generate an 
25 enamide 

ester having the structure: 




NHR" 



(b) reacting said enamide ester under suitable conditions to generate a 
glycoamino acid having the structure: 
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CO2R* 

NHR" 



wherein, for each of the structures above, n is 0-8, wherein A is a carbohydrate domain 
having the structure: 



10 




wherein a, b, c. d. e, f, g, h, i. x, y and z are independently 0, 1 . 2 or 3, v^th the 
proviso that x, y and z are not simultaneously 0; wherein Ro is hydrogen, a hnear or 
branched chain alkyl. acyl. arylalkyl or aryl group; wherein R,. Rj. R3. R4 , Rs, R* , R7, 
R, and are each independently hydrogen. OH. OR' NHa, NHCOR', F, CHjOH, 
CH2OR', a substituted or unsubstituted linear or branched chain alkyl, (mono., di- or 
,ri)hydroxyalkyI, (mono-, di- or tri)acyloxyalkyl. arylalkyl or aryl group; wherein R' is 
hydrogen. CHO, COOR". or a substituted or unsubstituted linear or branched chain alkyl, 
arylalkyl or aryl group or a saccharide moiety having the structure: 




20 
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10 



15 



20 



25 



30 



wherein Y and Z are independently NH or O; wherein k, 1. r. s, t, u. v and w are each 
independently 0. 1 or 2; wherein R,o. Ru. Ru. Ri3. R.4 and R,5 are each independently 
hydrogen, OH, OR™. NHj. NHCOR«'. F, CHjOH, CHjOR"'. or a substituted or 
unsubstituted linear or branched chain alkyl, (mono-, di- or tri)hydipxyalkyl, (mono-, di- 
or tri)acyloxyalkyl, arylalkyl or aiyl group; wherein R,6 is hydrogen, COOH, COOR". 
CONHR". a substituted or unsubstituted linear or branched chain alkyl or aryl group; 
wherein R'" is hydrogen, CHO, COOR", or a substituted or unsubstituted linear or 
branched chain alkyl, arylalkyl or aryl group; and wherein R" and K" are each 
independently H, or a substituted or unsubstituted linear or branched chain alkyl, 

arylalkyl or aryl group; 

and wherein for the glycoamino acid structure R and R" are each independentiy 
hydrogen, protecting group, substituted or unsubstituted alkyl, linker, aryl, peptide, 
protein or Upid; or NHR"', wherein R'" is a protein, peptide, or lipid, linked to N directly 
or through a crosslinker. In preferred embodiments, R' and R" are each independentiy 
hydrogen or a protecting group. In particularly preferred embodiments R" isanitrogen 
protecting group, including, but not limited to. acetyl, Fmoc, or Boc, and R' is an acid 
protecting group such as /-butyl or TSE. In certain preferred embodiments, the 
carbohydrate detennmant is selected. from tiie group consisting of Globo-H, fucosyl 
OMl.KH-l.glycophorin.STO,(2.3)ST.Le^.N3.Tn,2.6.STn,andTF. In certain otiier 
preferred embodiments, the carbohydrate determinant of tiie compound contains a Globo- 
H determinant or a fucosyl OMl determinant, as described herein, as all or part of the 
carbohydrate detemiinant A. 

In general, in preferred embodiments, tiie step of reacting an n-alkenyl glycoside 
under suitable conditions to generate an enamide ester comprises reacting an n-alkenyl 
glycoside first under oxidative conditions and second under olefination conditions in the 
presence of base (e.g., tetramethylguanidine) and phosphonate to generate an enamide 
ester. 

Additionally, the step of reacting said enamide ester under suitable conditions to 
. generate a glycoamino acid comprises reacting said enamide ester under hydrogenation ^ 

conditions. 
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In another aspect of the present mvention, multi-antigenic glycopeptides are 
provided comprising a peptidic backbone made up of at least three glycoamino acids, 
wherein one or more of said amino acids are substituted with an n-alkyl glycosidic 
moiety having the structure: 



de 

backbone 



wherein each occunence of A is independentiy a carbohydrate determinant having 
the structure: 




wherein a, b, c, d, e, f. g, h, i, x, y and z are independently 0, 1 , 2 or 3, with the 
proviso that x, y and z are not simultaneously 0; wherein Ro is hydrogen, a linear or 
branched chain alkyl, acyl, arylalkyl or aryl group; wherein Ri, R2, R3, R4 , Rs. R« , R?, 
Rg and R9 are each mdependenUy hydrogen, OH, OR', NH2, NHCOR', F, CH2OH, 
CH20R\ a substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl. arylalkyl or aryl group; wherein R' is 
hydrogen, CHO, COOR", or a substituted or unsubstituted linear or branched chain aikyl, 
arylalkyl or aryl group or a saccharide moiety having the structure: 
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Wherein Y and Z are independently NH or O; wherein k, 1, r, s, t, u, v and w are 
each independenUy 0, 1 or 2; wherein Rio, Rn. R12, Ri3. Rk and R15 are each 
independently hydrogen, OH, OR'", NH2, NHCOR'", F, CH^OH, CH.OR'", or a 
substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl. arylalkyl or aryl group; wherein R16 is 
hydrogen, COOH, COOR", CONHR", a substituted or unsubstituted linear or branched 
chain alkyl or aryl group; wherein R"' is hydrogen, CHO, COOR^ or a substituted or 
unsubstituted linear or branched chain alkyl, aiylalkyl or aryl group; and wherein R" and 
r'^ are each independently H, or a substituted or unsubstituted linear or branched chain 
alkyl, arylalkyl or aryl group; 

wherein each occurrence of n is independently 0-8, whereby, if for each 
occurrence of n, n = 0. at least one occurrence of A has a different strucnire from other 
occurrences of A; and wherein the n-alkyl glycosidic moiety is either a- or p-linked to an 
amino acid residue of the backbone. It will be appreciated that these inventive clustered 
glycopeptides are not limited to n-alkyl where n is greater than or equal to 1 ; rather multi- 
antigenic clustered glycopeptides can be Unked via the traditional direct linkage (n=G) or 
via n-alkyl (such as pentyl) or any combination thereof. In other embodiments, each 
occurrence of A may be the same, however, n-alkenyl (n greater than 1) linkages are then 
utilized. In preferred embodiments, each occunrence of A is independently selected from 
the group consisting of Globo-H, fucosyl GMl. KH-1, glycophorin, STN, (2,3)ST, Le^', 
N3,Tn. 2,6-STn, and TF. 

In certain embodiments, trimeric antigenic clusters are desirable and thus the 
present invention also provides constructs attached to a linker via a carrier protein having 
the following structure: 
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AcHN 




wherein the linker is eiflier a free carboxyUc acid, (carboxanudo)alkyl carboxam.de. 
MBS primary carboxamide, mono- or dialkyl carboxamide, mono- or 
diarylcarboxamidc. linear or branched chain (carboxy)alkyl carboxamide. hnear or 
branched chain (alkoxycarbonyl)alkyl-carboxamide. linear or branched cham 
(carboxy)arylalkylcarboxamide. linear or branched cham 

(alkoxycarbonyOalkylcarboxamide, an oligoester fragment comprising from 2 to about 20 
hydroxy acyl residues, a peptidic fragment comprising from 2 to about 20 ammo acyl 
residues, or a linear or branched chain alkyl or aryl carboxylic ester; wherein the earner is 
a protein or lipid; wherein m is 1. 2 or 3; ^vherein Ra, Rb and Rc are each independenUy 
H or methyl; and wherein Rn. Rb and R. are each independently an alkyl glycosidic 
moiety having the structure: 



having the structure: 



12 



wo 01/14395 



PCTAJSOO/22894 




wtereix>a,b.c.<i.e.f.B.h.i.x.yandzareindependently0.1.2or3.v.ththe 

proviso that x, y and z axe not simultaneously 0; wherein the carbohydrate doman. ts 
linkedtotherespectiveaminoacylorhydroxyacylresiduebysabstitutionofas.de 

Up substitu..t selected ^om the group consisting of OH. COOH and KH. wherem 
.hydrogen,a,inearorbr.,chedchainallcyl.acyl.^lalkyloraryl^oup^^^^ 

NHCOR- F. CH.OH. CH.OR', a substituted or unsubstituted linear or branched cham 
1,, (.one. di- or trDhydroxyallcyl. (mono-, di- or ,ri)acyloxyalky.. arylaUcyl or ^1 
^up; Wherein R' is hydrogen, CHO. COOR«. or a substituted or unsubstttuted hnear o^ 
Lched chain allcyl. arylalKyl or aryl group or a saccharide moiety having the structure. 




whereinYandZareindependentlyNHorO;wbereink.l.r,s.t.u.vandware 

each independently 0. 1 or 2; wherein R.. Rn. Ru. R.3. and R. arejh 
independently hydrogen. OH. OR"'.NH.NHCOR'".F.CH,OH.CH:OR .era 
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substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl. (mono-, di- or tri)acyloxyalkyl, arylalkyl or aiyl group; wherein 
R,6 is hydrogen, COOH, COOR", CONHR", a substituted or unsubstituted linear or 
branched chain allcyl or aryl group; wherein R'" is hydrogen, CHO, COOR", or 
a substituted or unsubstituted linear or branched chain alkyl, arylalkyl or aryl group; and 
wherein R« and r" are each independently H, or a substituted or unsubstituted linear or 
branched chain alkyl. arylalkyl or aryl group; and wherein each occunence of n is 
independently 0-8, whereby, if for each occurrence of n, n = 0, at least one occurrence of 
A has a different structure from other occurrences of A; and wherein the n-alkyl 
glycosidic moiety is either a- or p-linked to an amino acid. 

In prefened embodiments, each occurrence of A is selected from the group 
consisting of Globo-H. fricosyl OMl, KH-1, glycophorin, STO, (2.3)ST. Le^.NS, Tn, 2,6 
STn and TF. In but one preferred example, the present invention provides a novel 
rimeric antigenic glycopeptide incorporating globo-H, Le>' and Tn, to generate a novel 
trimeric antigenic compound. 

As detailed herein, in another aspect of the present invention, any of the inventive 
compounds may be conjugated to generate a glycoconjugate, and may be administered 
alone or with an immunological adjuvant for the treatment of the recurrence of cancer or 
may be administered alone or with an immunological adjuvant to induce antibodies in a 
subject. 

Definitions 

Certain compounds of the present invention, and definitions of specific functional 
groups are also described in more detail below. For purposes of this invention, the 
chemical elements are identified in accordance with the Periodic Table of the Elements, 
CAS version. Handbook of Chemistry and Physics. 75* Ed., inside cover, and specific 
functional groups are defined as described therein. Additionally, general principles of 
organic chemistry, as weU as specific fimctional moieties and reactivity, are described in 
"Organic Chemistry", Thomas Sorrell, University Science Books, SausaUto: 1999, the 
entire contents of which are incorporated herein by reference. 

It wiU be appreciated that the compounds, as described herein, may be substituted 
with any number of substituents or functional moieties. In general, the term "substituted" 
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whether p^ceded by the tenn "optionally" or not, and substituents contained in fonnul^ 
:'^si:vention.refe. to the .placement ofhyd™s.n«dicalsinagi^ 
ladic^ofaspecifiedsubstituent.Whenmorethanonepositionu>anyg^^^^^ 

Z be subsUtuted tno. ^an one sub^tuent selected .0. a SP— 

.^^vbeeitherthesameordifferentateveryposition. As used herem, the term 

ess stability sufficient to allow .anufact^e and which n^tain the .tegnty 

TT^e tcnn "aliphatic", as used herein, includes both saturated and unsatu^ted, 
„ s^isht cha. (i.e.. — ed, br^ched. cyclic, or polycyclic .ipha.c hy^ca^-^ 
whict are optionally substituted with one or mo. functional groups As w, 1 ^ 

Z is not limited to. alkyl, alkenyl. alkynyl. cycloallcyl. cycloallcenyl J^-^'-^^ 
1 ils Thus, as used herein, the term W includes both stratgh, branched ^d 
30 ::r:^lgr.ps. Man.osousconven.onappliesto o.er gen^ct^ssuc^ 
"alkenyl" "alkynyl" and the like. Furthermore, as used he^m. the terms allq.1 

Ue rU^^o" refers to a-group having the struck — - 
^ Tdefin^d h^ Hx^-'of -aSylamino .Cde. but are not hnuted=to.^ 

35 methylamino. ethylamino, iso-propylamino and the hke. 
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Some examples of substituents of the above-described aliphatic (and other) 
moieties of compounds of the invention include, but are not limited to: F. CI, Br, 1. OH. 
NCh CN, C(0)-C,-C,-alkyl, C(0>aiyl. C(0>heteroaryl. COj-alkyl, CO,-aryl, COr 
heteroatyl, CONH5. CONH-C.-Q-alkyl, CONH-aryl. C0NH.heteroaryl..OC(O)-C,-C6- 
alkyl OCCOaryl, OC(0).heteroaryl. OCO,-alkyl, OCO.-aiyl, OCO.-heteroaryl, 
OCONH. OCONH-C-Q-alkyl, OCONH-aryl, OCONH-heteroaryl. NHC(0>C>-Q- 
alkyl NHC(0)-aryl, NHC(0>heteroaryl. NHCO:-alkyl. NHCOraiyl. NHCONH- 
heteroaryl. SO.-C.-C.-alkyl. SO.-axyl. CrQ-cycloalkyl. CF3. CH.CF3. CHCh, CH^OH. 
CH.CH2OH. CH^2. CH,S0.CH3. aryl, heteroaryl, benzyl, benzyloxy. aryloxy. 
heteroaryloxy. C,-C,-alkoxy. methoxymethoxy. methoxyethoxy, amino, benzylammo. 
arylamino, heteroarylamino. C.-Cralkyl-amino, thio. aiyl-thio. heteroarylthio, benzyl- 
Aio C,-C,-alkyl-thio,ormethylthiomethyl. Additional examples of generally apphcable 
substituents are illustrated by the specific embodiments shown in the Examples which are 
described herein. 

In general, the temis "aryl" and "heteroaryl". as used herein, refer to stable mono- 
or polycyclic. heterocyclic, polycyclic. and polyheterocyclic unsaturated moieties having 
preferably 3-14 carbon atoms, each of which may be substituted or unsubstituted. 
Substituents include, but are not Umited to. any of the previously mentioned substitutents, 
ie the substituents recited for aliphatic moieties, or for other moieties as disclosed 
herein resulting in the formation of a stable compound. In certain embodiments of the 
present invention, "aryl" refers to a mono- or bicyclic carbocycUc ring system having one 
or two aromatic rings including, but not limited to. phenyl, naphthyl. tetrahydi^naphthyl, 
indanyl, indenyl and the Uke. In certain embodiments of the present invention, the term 
"heteroaryl" as used herein, refers to a cyclic aromatic radical having fiom five to ten 
ring atoms of which one ring atom is selected fi:om S. O and N; zero, one or two ring 
atoms are additional heteroatoms independently selected &om S, 0 and N; and the 
remaining ring atoms are carbon, the radical being joined to the rest of the molecule via 
any of the ring atoms, such as. for example, pyridyl. pyrazinyl. pyrimidinyl. pynolyl. 
pyrazolyl, imidazolyl. thiazolyl. oxazolyl. isooxazolyl. thiadiazolyl.oxadiazolyl. 
thiophenyl, furanyl, quinolinyl, isoquinoUnyl, and the like. 
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It Will be appreciated that aryl and heteroaryl groups (including bicyclic aiyl 
groups) can be unsubstituted or substituted, wherein substitotion includes replacement of 
one two or three of the hydrogen atoms thereon independently with any one or more of 
the following moieties including, but not limited to: F. CI. Br, I. OH. NO., CN. C(0)-Cr 
Ca-alkyl. C(0>aryl, C(0)-heteroaryl, CO.-alkyl, CO^aryl. CO,-heteroaryl. CONH.. 
CONH-C.-C-alkyl. CONH-a^/l. CONH-heteroaryl. 0C(0)-C,-C6-alkyl. OC(0)-aryl. 
OC(0>heteroaryl, OCO.-alkyl. OCO.-aryl, OCO.-heteroaryl. OCONH,, OCONH-C,- 
C,-alkyl OCONH-aryl. OCONH-heteroaryl, NHC(0)-C,-Ce-alkyl. NHC(0)-aryl. 
NHC(0)-heteroaryl. NHCOralkyl.NHCOraryl, NHCONH-heteroaryl. SOj-C-C^-alkyl. 
SO^-aryl. CrC-cycloalkyl, CF3. CH.CF3, CHCl. CH.OH. CH.CH.OH. CH.NH.. 
CH2SO2CH3, aryl. heteroaryl. benzyl, benzyloxy, aryloxy, heteroaryloxy. C-Ca-alkoxy, 
methoxymethoxy. methoxyethoxy, amino, benzylamino. arylamino. heteroarylarmno, C- 
C3-alkyl-amino. thio. aryl-thio, heteroarylthio, benzyi-thio. C,-C,-alkyl-thio, or 
n^ethylthiomethyl. Additional examples of generally applicable substitutents are 
illustrated by the specific embodiments shown in the Examples which are described 

herein. , 

The term "cycloalkyl", as used herein, refers specifically to groups havmg three to 
seven preferably three to ten carbon atoms. Suitable cycloalkyls include, but ar* not 
limited to cyclopropyl, cyclobutyl, cyclopentyl. cyclohexyl. cycloheptyl and the lie, 
which as in the case of other aliphatic, heteroaliphatic or hetercyclic moieties, may 
optionally be substituted. F. CI, Br, I, OH, NO,, ON, C(0)-C.-C.-alkyl, C(0>aryl, C(0>- 
heteroaryl, C0.-alkyl. CO.-aryl, CO:-heteroaryl, CONH.. CONH-C.-Q-allcyl. CONH- 
aryl. CONH-heteroaryl, OC(0)-C,-C,-alkyl, OC(0)-aryl. OC(0)-heteroaryl. OCO^-alkyU 
OCO^-aryl. OCO,-heteroaryl, OCONH., OCONH-C,-C.-alkyl. OCONH-ao^l. OCONH- 
heteroaryl, NHC(0)-C,-Q-alkyl. NHC(0)-aryl. NHC(0>heteroaryl. NHCO.-alkyl. 
NHCO:-axyl. NHCONH-heteroaryl, SOa-C-C^-alkyl. SO,-aryl. C^-C-cycloalkyl. CF3, 
CH.CF3 CHCb, CH,OH, CH,CH,OH, CH.NH.. CH:S0.CH3. aiyl, heteroaryl, benzyl, 
benzyloxy. aryloxy, heteroaryloxy. C.-C,-alkoxy, methoxymethoxy. medioxyethoxy, 
amino, benzylamino, arylamino, heteroarylamino. C,-C,-alkyl-amino, thio, aryl-thio, 
heteroarylthio, benzyl-thio. C,-C.-alkyl-thio, or methylthiomethyl. Additional examples 
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5 of generally applicable substitutents are illustrated by the specific embodiments shown in 
the Examples which are described herein. 

The tenns "halo" and "halogen" as used herein refer to an atom selected from 
fluorine, chlorine, bromine and iodine. 

It will be appreciated that additional examples of generally applicable 
10 substitutents are illustrated by the specific embodiments shown in the Examples which 
are described herein, but are not limited to these Examples. 

Description of the Drawing 

Figure 1 depicts Fucosyl GMl, derivatives and constructs thereof. 
15 Figure 2 depicts synthesis of the ABC trisaccharide 4 and depicts the thioethyl 

donor 5. 

Figure 3 depicts the synthesis of hexasaccharide 6a and the synthesis of Fucosyl 
GMl pentenyl glycoside lb. Reagents: (a) MeOTf, CHiCbiEtjO (2:1). 0°C, 23%; (b) (i) 
DMDO, CH2CI2; (ii) PnOH, ZnCb, -78*'C, 65%; (c) TBAF, AcOH, THF; (d) NaOMe, 
20 MeOH; (e) NaOH, THF; (f) Na>Wl3, THF -78°C,. then MeOH; (g) AczO. pyridine, 

DMAP. CH2CI2, 46% 5 steps. 

Figure 4 depicts the synthesis of trisaccharide acceptor 15. Reagents: (a) 
Ag2C03, cat. I2. PnOH, CH2CI2, 75%; (b) NaOMe, MeOH; (c) Acetone, cat PPTS, 44% 
2 steps; (d) BnBr, NaH, DMF; 84%; (e) 80% AcOH: HjO, 90%; (f) 3, TMSOTf, EtCN, 
25 molecular sieves, -40°C, 77%. . 

, Figure 5 depicts the synthesis of Fucosyl GMi Pentenyl Glycoside. Reagents: (a) 
MeOTf, CH2Cl2:Et20, 0"C, 70%; (b) TBAF, AcOH, THF; (c) NaOMe, MeOH; (d) 
NaOH, THF; (e) Na/NHj, THF, -78°C, then MeOH; (f) AC2O, pyridine, DMAP, CH2CI2, 
45% 5 steps, (g) steps c-d, 96%, 
30 Figure 6 depicts the synthesis of Fucosyl GMi KLH conjugate Ic. 

Figure 7 depicts Globo-H, derivatives and constructs thereof 
Figure 8 depicts a synthetic scheme for a second generation synthesis of globo-H 
and constructs thereof. 

Figure 9 depicts a retrosynthetic analysis of Giobo-H and conjugates thereof 
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Figure 10 depicts the synthesis of glycoside 25 and thioethyl donor 28. Reagents: 
(a) HBr, AC2O, AcOH, 96%; (b) PentOH, AgiCOs, GH2CI2, 4A molecular sieves, 75%; c) 
NaOMe. MeOH; then Dowex-H*; (d) BnBr. BujSnO, BU4NI, C^, 54% two steps; e) 
PhCH(0Me)2, CSA, CH3CN, 72%; (f) BnBr, NaH, DMF, Et4NI, 97%; (g) NaCNBHa, 
HCl, EtiO, THF, 79%; (h) DMDO, CH2CI2; (i) HF/pyridine, 85% two steps; Q) BnBr. 
NaH. DMF, 95%; (k) Cp2Zr(OTf)2, toluenemff 5:1, 80% (a), a:P 10:1 ; (1) DDQ, 

CH3CN, H20, 84%. 

Figure 1 1 depicts the synthesis of Globo-H Pentenyl Glycoside (16c). 

Figure 12 depicts the conjugation of Globo-H to carrier protein KLH. 

Figure 13 depicts immunoconjugation of tumor antigens Globo-H and Fucosyl 
GMi and the developed glycoamino acid sequence. 

Figure 14 depicts the synthesis of peracetylated lactose amino acid derivatives. 

Figure 15 depicts the synthesis of a peptide containing the Tn antigen, Lewis^ 
antigen, and the MBrl antigen. Reagents: (a) TBAF, THF; (b) AcSCH2C(0)(CH2)3NH2, 
BOP reagent, fPriNEt, 54%, 2 steps; (c) TFA, CH2CI2; (d) BOP reagent, iPriNEt, 86%, 2 
steps; (e) 52, BOP reagent, iPrjNEt, 64%, 2 steps; (f) AcjO. EtaN. cat. DMAP, 95%, 2 
steps. 

Figure 16 depicts the preparation of fully deprotected glycopeptide 54. 
Figure 17 depicts the synthesis of a-Tn pentenyl glycoside 40. 

Detailed Description of the Invention 

As discussed above, the desire to develop improved methods for the preparation 
of fully synthetic vaccines has led to increased research efforts directed toward the 
synthesis of naturally occurring complex carbohydrate antigens, as well as novel complex 
structures (e.g.. glycopeptides) incorporating these antigenic structures. As is often the 
case during the course of any such large synthetic undertaking, improved synthetic 
methods are often developed that can be applied universaUy. In particular, synthetic 
studies of naturally occurring antigenic structures has led to the development of novel 
methodologies enabling the development of heretofore unavailable synthetic 
carbohydrate-based vaccines. For a review, see Danishefsky, S.J.; Allen, J.R., Angew. 
Chem. Int. Ed Engl 2000, 39, 836-863, and references cited therein. 
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Significantly, the present invention provides improved methodologies for the 
svnthesisofcomplexcarbohydxatesandrelatedtherapeuticcompounds(e.g 
C^^ gates and/orslycopeptides, -Par.c.a..in.econte.of synth^J-^ 
Loped orthe total syntheses of fucosylGMl «.d the n-penteny^ 
HC^izedm^odo,ogiesweredevelopedfortheimprovedsynthes.ofc^^^^^^^^ 

l::ltestrnctures.™sgeneralsyn.e.cmethod.volv^^ 

\- of .nnalkenyl glycoside protecting group at the reducmg end of a 

ThZ IXtl or^crea^dconplinge^cienciesandaccessi^^^^^ 

rrb Xes Inyet another asp^^^ 
iSr^rrrtainUdc.^^^^^^^^^ 
, S useful precursors that can be utilized ultimately for the synthesis of complex 

glycopeptides. •j„c+herecoenition that the presence 

Furthermore, the present invention also provides the recogmtton 
ofthen-allcenylmoiety.v.hether or not inthe context of anantigenicn-penteny, 

losideorglycopeptide.isadvantageousforthedevelopmentofunproved 
. ::t.eVased.erapeudcsCe.g...l.^^^ 

CloacidUdescribedhere.. Theabihtytoeasilyaccess.^^^^^^ 
a!l aUowsforthe ultimate synthesis of complexclusteredglycopepndesSg^^^^^^ 

:mldolo,esprovidedby.epresent.ven.on,asdesc.^^^^^^ 
detailherein.allowtheeff.cientpreparadonofccmplexglycopept.destructureshavmg 

' i::ec:e:fthesesyn.eses.It^lbeappre^^^^^^ 

::itheseexamplesarenot^tendedtobelimiting;ratheralle.uiv.entsaremt 

. .tobeincorporatedintothescopeofthepres^tinvention. 
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Inventive Compounds and Methods for the Synthesis Thereof 

As mentioned, the total synthesis of complex antigenic structures has led to 
significant development in methodologies for complex carbohydrate synthesis. Of 
particular recent interest is the naturally occurring antigenic structure, fucosylated GMl 
ganglioside as shown inFigurel(la)which heretofore had not yet been synthesized. 

Nilsson et al. identified fiicosyl GMl as a specific marker associated vath small lung 
cancer (SCLC) cells (Nilsson et al., Glycoconjusote J. 1984. J . 43; Brezicka et al. 
Cancer Res 1989,49, 1300). These workers isolated the glycosphingoUpid fiicosyl GMl 
(la)asthemajorgangliosidecomponentcontainedinhumanSCLCtissue. Furthermore, 
monoclonal antibodies (F12) to the antigen serve to detect fucosyl GMl in tissues and 
serum of SCLC patients (Nilsson et al.. Cancer Res. 1986. 46, 1403; Vangsted et al. 
Cancer Res 1991. 5/, 2897). Immunohistochemistry studies have suggested that, due to 
its highly restricted distribution in normal tissues, fiicosyl GMl could be an excellent 
targetforimmuneatlack against SCLC. Remarkably, fiicosyl GMl has thus farnot been 
found on any other human cancer cell lines, indicating that it is very SCLC timior specific 

(Zhang et al, Int. J. Cancer 1997. 73, 42). 

The structural assignment of the carbohydrate moiety of the SCLC antigen was 
based on acombination of enzymatic and chemical degradations (Nilsson et al, 
GlycoconjugateJ. 1984,/, 43). While there was no particular reason to question this 
assiemnent.,thedevelopmemofacarbohydrate based attack on SCLC could benefit fix^m 

a definitive assigmnent of the linkage modes of the various monosaccharides, includmg 
thestereochemistryateachglycosidicattachment. Furthermore, no syntheses of this 
carbohydrate sector have appeared in the literature. In a prefened embodmient. a 
synthetic scheme would allow for presentation of the hexasaccharide epitope mdependent 
of die ceramide to the F12 mAb to ensure that all specificity is directed at the 
carbohydrate sector. In otiier preferred embodiments, the construct should be so 
' functionalized as to anticipate the need for its conjugation to a carrier protein in 
anticipation ofbuilding an effective anti-tumor vaccine. AS detailed herein, the abUity to 

generate an n-alkenyl glycoside enables for the efficientsyntiiesis of this epiw^^ 
allows for its effective modification and/or conjugation to build an effective anti-tumor 

) vaccine. 
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Thus, in one aspect of the present invention, the synthesis of the complex fucosyl 
GMl carbohydrate sector has been achieved and a compound having the structure as 
shown below is provided: 




wherein each occurrence of R' is independently hydrogen or a protecting group; wherein 
each occurrence of R" is independently hydrogen or a nitrogen protecting group; wherein 
R is hydrogen, substituted or unsubstitued alkyl, alkenyl, -NHR"', wherein R"' is a 
protein, peptide or Upid linked to N directly or through a crosslinker, an amino acyl 
moiety, an amino acyl residue of a peptide, an amino acyl residue of a protein, which 
amino acyl moiety or residue, or -NHR"' is linked to O via a polymethylene chain 
having the structure -(CH2)„wherer is an integer between 1 and 9, or wherein R is 
substituted with a moiety having the structure: 



NHC(0)Ci5H3i 



OH 



-Ci3H27 



In certain preferred embodiments, each oecuirence of R' is hydrogen. In certain 
other preferred embodiments of the present invention, R is n-alkenyl, including, but not 
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10 



liniited to aUyl, propenyl, butenyl and pentenyl. In a particularly prefened embodiment. 
R is n-pentenyl. In certain other preferred embodiments. R is -NHR"'. an amino acyl 
moiety, an amino acyl residue of a peptide, or an amino acyl residue of a protein, as 
described above, wherein r is preferably 4. In still other preferred embodiments, a 
compound as described above is provided, with the proviso that the compound is not the 
glycosphingolipid structure. 

In another aspect of the present invention, a method for the synthesis of fucosyl 
GMl glycoside is provided, said method comprising the steps of: 

(a) providing a thioethyl donor having the structure: 




NHSOjPh 



15 



wherein P is a protecting group; 

(b) providing a trisaccharide acceptor having the structure: 



MdOjC' 




AcO- 



20 



wherein n is 0-8, and wherein P is a protecting group; and 
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(c) reacting said thioethyl donor and said trisacchaiide acceptor under conditions 
to generate aprotectedhexasacchaiide and subsequently deprotectingthe protected 
hexasaccharide «nder suitable conditions to generate n-alkenyl fucosyl GMl glycoside. 

m yet another aspect of the present invention, novel derivatives of Globo-H are 
provided and a novel general synthetic methodology for the synthesis thereof. The 
derivatives of Globo-H are depicted below: 



OR' OR' OR! ,OR' 




wherein each occurrence of R' is hydrogen or a protecting group, wherein R" is 
15 hydrogen or a nitrogen protecting group; wherein R is hydrogen, substituted or 

unsubstitued alkyl or alkenyl, wherein the alkenyl moiety has four or more carbons; - 
NHR"' wherein R"' is a protein, peptide or Upid linked to N directly or through a 
crosslinker; an amino acyl moiety; an amino acyl residue of a peptide; an amino acyl 
residue of a protein; which amino acyl moiety or residue or -NHR"' is linked to O via a 
20 polymethylene chain having the structure -(CHA. where, if said carbohydrate motety is 
IMced to O via an a-linkage, r is an integer between 2 and 9. or. alternatively, if said 
carbohydrate moiety is linked to O via a p-linkage, r is an integer between 1 and 9; or 
wherein R is substituted with a moiety having the structure: 



NHC(0)Ci6H3i 



25 



OH 
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In certain preferred embodiments, each occurrence Of R' is hydrogen. In certain 
other preferred embodiments of the present invention, R is n-alkenyl, including, but not 
limited to allyl, propenyl. butenyl and pentenyl. In a particularly preferred embodiment, 
R is n-pentenyl. In certain other preferred embodiments, R is an amino acyl moiety, an 
amino acyl residue of apeptide, or an amino acyl residue of a protein, as described 
above, wherein r is preferably 4. In still other preferred embodiments, a compound as 
described above is provided, with the proviso that the compound is not the 
glycosphingolipid structure. 

As described in more detail herein in Example 2, a similar methodology to that 
described for fiicosyl GMl is employed for the synthesis of Globo-H and derivatives 
thereof Thus, in another aspect of the present invention, a method for the improved 
synthesis of Globo-H, and derivatives thereof, said method comprising the steps of: 
(a) providing a thioethyl donor having the structure: 




NHSOzPh 



wherein P is a protecting group; and 

(b) providing a trisaccharide acceptor having the structure: 
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wherein n is 0-8, and wherein P is a suitable protecting group; and 

(c) reacting said thioethyl donor and said trisaccharide acceptor under 
conditions to geneiaie a protected hexasaccharide and subsequently deprotecting the 
protected hexasaccharide under suitable conditions to generate n-alkenyl Globo-H. 

It will be appreciated that for each of the methods as detailed herein, the full 
arsenal of protecting groups known in the art of organic synthesis can be utilized, for 
example, as set forth in "Activatbg Agents and Protecting Groups: Handbook of 
Reagents for Organic Synthesis" Roush, W.R. and Pearson, A.J, Eds., John Wiley & 
15 Sons: 1 999; and "Protective Groups in Organic Synthesis" Greene, T.W. and Wuts, P.G., 
John Wiley & Sons, New York: 1999, the entire contents of which are hereby 
incorporated by reference. In but a few examples, suitable protecting groups utilized 
herein include, but are not limited to, Bn (benzyl), TIPS (triisopropylsilyl), and Ac 
(acetate). In a preferred embodiment of the present invention, said thioethyl donor and 
20 said trisaccharide acceptor are reacted under MeOTf promotion, as described herein. It 
will be appreciated by one of ordinary skill in the art however, that a variety of conditions 
known in the art of organic synthesis can be utiUzedto effect coupling of these moieties. 

It will also be appreciated that the novel n-alkenyl moieties provided herein can 
be subsequently modified to generate useful compounds (e.g., alkyl derivatives and 
25 glycoamino acids) or constructs thereof (e.g., glycopeptides and conjugated derivatives). 
In addition to providing the first synthesis of fucosyl GMl and improved 
synthetic methodologies for Globo-H, as described above, in a more general aspect, the 
present invention provides novel synthetic methodologies for the synthesis of complex 
carbohydrates comprising (1) providing a carbohydrate acceptor having a reducing end 
30 alkenyl group; (2) providing a suitable donor compound and (3) coupling said donor and 
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acceptor under conditions to generate an alkenyl glycoside. Using this method, complex 
antigenic alkenyl glycosides are provided, as described above, many of which never 
before have been provided, which can then be conjugated or tather reacted, as described 
herein, to generate glycoconjugates and glycopeptide structures. 

Thus, in general, the present invention provides novel compounds and/or 
conjugates having the general structure: 



15 



wherein R is hydrogen; substituted or unsubstituted alkyl; alkenyl; aryl; 
-CHiCHCCOiROCNHR"), wherein R' or R" are each indpendently hydrogen, protecting 
group, substituted or unsubstituted alkyl, a linker, aryl, peptide, protein or Upid; or 
NHR"', wherein R'" is a protein, peptide, or lipid, linked to N directly or through a 
crossliricer; wherein n is 0-8; wherein A is a carbohydrate domain having the structure: 




20 



25 



Wherein a, b, c, d, e, f, g, h, i, x, y and z are independently 0, 1 , 2 or 3. with the 
proviso that x, y and z are not simultaneously 0; wherein Ro is hydrogen, a linear or 
branched chain alkyl, acyl, arylalkyl or aryl group; wherein R,. R2, R3, R4 , Rs, Rs . R7, 
R, and R, are each independenUy hydrogen, OH, OR'. NH.. NHCOR'. F, CH2OH. 
CH2OR', a substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl. (mono-, di- or tri)acyloxyalkyl, arylalkyl br-aryl group; whereinR' is 
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5 hydrogen, CHO, COORI or a substituted or unsubstituted linear or branched chain alkyl, 
arylalkyl or aiyl group or a saccharide moiety having the structure: 



Ro- 




10 



. wherein Y and Z are independently NH or 0; wherein k, I. r. s. t, u, v and w are 
each independently 0, 1 or 2; wherein R.o. Ru. R.:.R.3. and R,5 are each 
independently hydrogen. OH. 0R«'. KHa, NHCOR«-. F. CH.OH, CH.OR"'. or a 
substimted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl. (mono-, di- or tri)acyloxyalkyl, arylalkyl or aryl group; wherem R., .s 
i hydrogen COOH, COOR», CONHR". a substituted or unsubstituted linear or branched 
chainalkylorarylgroup;whcreinR"Ushydrogen.CHO,COOR^orasubstitutedc. 
unsubstituted linear or branched chain' alkyl, arylalkyl or aryl group; and wherem R and 
R'v are each independently H. or a substituted or unsubstituted Unear or bitched cham 

alkyl, arylalkyl or aryl group; ™, o-tm n 

0 with the proviso that if A is KH-1. N3. globo-H, glycophorin, Tn, TF, STN. (2,3- 

ST) 2 6-STn or Le'. and A is a-O-linked, then n is at least 1. 

in certain preferred embodiments of the present invention, R is aUyl, n is 2 and 

feus the inventive compound isan-pentenyl moiety. In certain other embodiments of a.e 

present invention,RisNHR-.and the proteinR" is KLH or Bovine Serine Albumut. In 

25 stUl other embodiments of the present invention. R is NHR-, and the hp.d R'" is 
PamCys. It will be appreciated thnt the protein or lipid can be linked toNdKectly or 

teough a crosslinker and thus R'" incorporates proteins, peptides and Upids. as well as 
(crosslinker-protein), (crosslinker-peptide) and (crosslinker-lipid) moieties. In certan. 
preferred embodiments, the crosslinker is MMCCH (4-(maleimidomethyl) cyclohexane- 

30 1-carboxylhydrazide). 
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In still other embodiments, the inventive compound is a glycoamino acid and thus 
R is CHiCHCCOjROCNHR"), which compound has the structure: 



COjR' 
NHR" 



In certain preferred embodiments, the glycoamino acids of the present invention 
are derived fiom n-pentenyl glycosides and thus n is 3. In certain other preferred 
embodiments. R' and R" are a protecting group, each independenUy selected &om the 
group consisting of t-butyl, TSE, Boc, Fmoc and acetyl. 
,5 For each of the compounds described above, in certain preferred embodmients the 

carbohydrate determinant U selected from the group consisting of Globo-H, fucosyl 
GMl,KH-l.N3,glycophorin,Tn,TF,STN.(2,3)ST.2,6-STn,andLeMn other 

preferred embodiments, the carbohydrate determinant of the compound contains a Globo- 
H determinant or fucosyl GMl determinant as all of part of the carbohydrate determmant 

20 A. ... 

As described above, specifically in the context of the second generaUon synthesis 
of the MBrl antigen (GloboH) and the total synthesis of the fucosylated gangliosrde of 
GMl (fucosyl GMl). incorporating the reducing end n-alkenyl moiety (specificaUy n- 
pentenyl) offers certain benefits. First, the anomeric n-pentenyl glycoside linkage serves 
effective linker for immunoconjugation to carrier protein KLH and also provides 

advantages in terms of synthetic convergency. In the context of protected 

carbohydrates, the n-alkenyl moieties are also capable of acting as donors for 
glycosylation (see, for example. Fraser -Reid et at., SynLett, 1992, 927). 

In this context, the present invention additionally provides methods for the 
synthesis of n-alkyl glycoamino acids, as described in more detail below for Globo-H and 
fucosyl GMl and their subsequent use to generate glycopeptides and synthetic constructs 
thereof. 

In general, the inventive method for the production of these glycoamino 



25 as an 
some 
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5 acids comprises: 1) providing an alkenyl glycosidic moiety, as described herein; 2) 

subjecting said alkenyl glycosidic moiety to oxidative conditions to generate an aldehyde; 
3) subjecting said aldehyde to.olefination conditions to generate an enamide ester; 4) 
subjecting said resulting enamide ester to conditions sufficient to hydrogenate said 
enamide ester to generate a protected glycoamino acid and 5) deprotecting said protected 
10 glycoamino acid under suitable conditions to generate a desired glycoamino acid. 

In particular, a novel method for the synthesis of a glycoamino acid, the structure 
of which is set forth herein, is provided, which comprises the steps of: 
(a) providing an alkenyl glycoside having the structure: 



15 



20 



(b) reacting said alkenyl glycoside under suitable conditions to generate an 
enamide ester having the structure: 



C02R' 
NHR" 



(b) reacting said enamide ester under suitable conditions to generate a 
glycoamino acid having the structure: 



25 



C02R' 
NHR" 



wherein, for each of the structures above, n is 0-8, wherein A is a carbohydrate domain 
having the structure: 
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wherein a, b, c, d, e, f, g, h, i, x. y and z are independenUy 0, 1, 2 or 3, with the 
proviso that x, y and z are not simultaneously 0; wherein Ro is hydrogen, a linear or 
branched chain alkyl, acyl, arylalkyl or aryl group; wherein Ri, R2, R3. R4 , R5, R<i . Rt, 
10 Rs and R9 are each independently hydrogen, OH, OR', NH^, NHCOR', F, CH2OH, 
CH2OR', a substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl. (mono-, di- or tri)acyloxyalkyl, arylalkyl or aryl group; wherein R' is 
hydrogen, CHO, COOR", or a substituted or unsubstituted linear or branched chain alkyl, 
arylalkyl or aryl group or a saccharide moiety having the structure: 



15 



Ro- 





wherein Y and Z are independently NH or O; wherein k, 1, r, 3, t, u, v and w are each 
independently 0, 1 or 2; wherein Rio, Rii, R12, Ri3, Ru and R15 are each independently 
=20 hydrogen, OH. 0R"VnH2, NHCOR'", F, CH2OH, CHiQ^", or a subst^tedj^_ _ 

unsubstituted linear or branched chain alkyl, (mono-, di- or tri)hydroxyalkyl, (mono-, di- 
or tri)acyloxyalkyl, arylalkyl or aiyl group; wherein R16 is hydrogen. COOH, COOR", 
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CONHR", a substituted or unsubstituted linear or branched chain alkyl or aryl group; 
wherein R"' is hydrogen. CHO. COOR", or a substituted or unsubstituted linear or 
branched chain alkyl, arylalkyl or aryl group; and wherein R" and R" are each 
independently H, or a substituted or unsubstituted linear or branched chain alkyl, ■ 

arylalkyl or aryl group; 

• • and wherein for the glycoamino acid structure R' and R" are each independently 
hydrogen, protecting group, substituted or unsubstituted alkyl, linker, aryl, peptide, 
protein or lipid; or NHR"' . wherein R"' is a protein, peptide, or lipid, linked to K directly 
or through a crosslinker. to preferred embodiments. R' and R" are each independently 
hydrogen or a protecting group. In particularly preferred embodiments R" is a nitrogen 
protecting group, including, but not limited to. acetyl. Fmoc, Boc, and R' is an acid 
protecting group such as r-butyl or TSE. It will be appreciated, however, that a variety of 
protecting groups known in the art of organic synthesU can be employed, as referenced 
herein. 

In certain preferred embodiments, the carbohydrate determinant is selected fiom 
the group consisting of Globo-H, fucosyl GMl, KH-1, glycophorin, STN, (2,3)ST. Le^. 
N3, Tn, 2.6-STn. and TF. In other preferred embodiments, the carbohydrate determinant 
of ihe compound contains a Globo-H determinant or fucosyl GMl determinant as all or 
part of the carbohydrate determinant A. 

In general, in preferred embodiments, the step of reacting an n-alkenyl glycoside 
under suitable conditions to generate an enamide ester comprises reacting an n-alkenyl 
glycoside first under oxidative conditions and second under olefmation conditions in the 
presence of base (e.g., tetramethylguanidine) and phosphonate to generate an enamide 
ester. It will be appreciated that other oxidative conditions known in the art of organic 
synthesis can be employed, including, but not limited to Os04 and peiiodate, or OsO* and 
Pb(0Ac)4. Additionally, other well-known bases can be utilized in the present invention, 
including, but not limited to, lithium t-butoxide or lithium hexamethyl disilylazide. 

In preferred embodiments, reacting said enamide ester under suitable conditions 
to generate a glycoamino acid comprises reacting said eriarnide ester under hydrogenation 
conditions and subsequent reaction under deprotection conditions to generate a 
glycoamino acid. It is particularly preferred that the hydrgenation conditions employed 
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are asymmetric hydrogenaUon conditions. In aprefeixed embodiment, asymmetnc 
hydrogenation can be achieved by utilizing an ethyl DuPHOS catalyst prec,^r,as 
described in more detaUhereinCsee. Hurler./. ^<:cr.C;..^iJe.2000.3i.3631;B.rk 

et al Pure & Appl. Chem. 1996, 68, 37). 

It vvill be appreciated that the abUity to generate the glycoamino acids, as 
described herein, ultimately enables the synthesis of novel clustered glycopepddes. a 
.notif commonly found on the surface of cancer cells (mucin-likestructures)which are 

desirable for the uses described herein as anticancer vaccines. For example, 
inununological studies indicate that, in general, the clustering of antigens in 
dycopeptides results in a more therapeutically immune response than with smgly 
glycosylated peptides Lo-Man, R. er Cancer Res. , 1999. 59, 1520; Reddish et 
al Glycoconjugate J. 1997, 14, 549). 

To date, the clustering of a-O-linked antigens has been accomplished vrith the 
same antigen acrossthepepUde backbone via the tradition allyllinkage. as described ir. 

pending US patent numbers 09/083.776 and 09/276,595, the entire contents of whxch are 
hereby incorporated by reference. However, the present invention efficientlyprov^des 

peptides having different antigens simultaneously in a clustered format. Tlius. m one 
aspect the present mvention provides a multi-antigenic glycopeptide compnsmg a , 
peptidic backbone made up of at least three glycoamino acids, wherein one or more of 
said amino acids are substituted with an n-alkyl glycosidic moiety having the structure: 



peptide 
backbone 



wherein each occurrence 
the structure: 



of A is independently a carbohydrate determinant having 



0 
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wherein a. b,c.d.e.f.g,h.U.yandzare independently 0.1.2or3, with the 
provisothatx.yandzarenotsimultaneouslyO;whereinRoishydrogen,alme^or 

branched ohainalkyl.acyl.arylalkyl or arylgn,up;..hereinR.R.R3.R^^^^^^ 

R, and ar. each independently hydrogen, OH. OR', NH. NHCOR . F. CH.OH. 
CH,OR\asubstituted or unsubstituted linear or branched chain alkyl,(mono..d.^ 

tri)hydroxyali.y..(mono-.di-ortri)acyloxyallcyl.a:yl.^^ 

hydrogen. CHO, COOR». or a substituted or unsubstituted linear or branched cham alkyl. 
arylalkyl or aryl group or a saccharide moiety having the structure: 




whereinYandZare independently NHorO;whe«ink.l.r.s.t.u.vandw3re 
eachindependentlyO,lor2;whereinR,o,R>..Ru.R.3.RKandR,5areeach 

0 indei^dently hydrogen, OH. OR"'. NH. NHCOR«'. F. CH,OH. CH.OR .era 
substituted or unsubstitut^ linear or branched chain -alkyl; (mono-, di- or 
triMdroxyallcyl. (mono-, di- or ,ri)acyloxyallcyl, ary.allcyl or aryl group; wherem R. ts 
hydrogen COOH, COOR«, CONHR». a substituted or unsubstituted linear or branched 
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Chain alkyl or aryl group; wherem R«' is hydrogen, CHO. COOR". ox a substituted or 
unsubstituted linear or branched chain alkyl. aiylalkyl or aryl group; and wherem R and 
are each independentiyH.orasubstituted or unsubstituted linear or branched Cham 

alkyl, aiylalkyl or aryl group; 

wherein each occurrence of n is independenfly 0-8, whereby, if for each 
occurrence of n, n = 0, at least one occurrence of A has a different structure from other 
occurrences of A; and wherein the n-alkyl glycosidic moiety is either a- or p-linked to an 
a::u„o acid residueofthe backbone. It will be appreciated that these inventive clustered 
glycopeptidesarenotlimitedton-alkylwherenisgreaterthanorequaltolirathermulti- 

antigenic clustered glycopeptides can be linked via the traditional direct linkage (n=0) or 
. vian-alkyKsuchaspentyDoranycombinationthereof. In preferred embodiments, each 
occurrence of A is independently selected from the group consisting of Globo-H, fi^cosyl 

GMl KH-1. glycophorin. STN. (2,3)ST. Le^. N3. Tn, 2,6.STn, and TF. 

' i,wiualsobeappreciatedfromthestructureassetforthabove,that.inaddiuonto 

providing multi-antigenic structures, the present invention additionally provides clustered 
structures having n-alkyl linkages. Ti.us, in yet another aspect of the present invention. 
„-alkyl linked (where n is greater than or equal to 1) clustered glycopeptides are 
provided, which glycopeptides may incorporate .multiple antigenic structures or may also 
incorporate all of the same antigenic structures. 

In general, the generation of the inventive glycopeptides comprises treatmg a first 
glycoamino acid with a deprotecting agent to reveal the corresponding carboxylic acid 
and then coupling said carboxylic acid under suitable conditions withaspacer moiety and 

aprotecting group to generateaprotected amide. Asecondglycoaniino acid can then be 

coupled under standard conditions (e.g., BOP promoter or other known coupling reagents 
known in the art of peptide couplings).hese couplings can be continued untilapepude of 

3 desiredlengthisobtained. It will also be appreciated that soUd phase methods of peptide 

synthesis known in the art can also be employed in the method of tiie present invention to 

generate the inventive glycopeptides. 

While the glycopeptide of the present mvention is not intended to be limited m 
size, in certain preferred embodiments, trimeric antigenic clusters are desirable and thus 
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5 the present invention also provides constructs attached to a linker via a carrier protein 
having the following structure: 



AcHN 




10 wherein the linker is either a &ee carboxylic acid, (carboxainido)alkyl carboxamide, 
MBS, primary carboxamide, mono- or dialkyl carboxamide, mono- or 
diarylcarboxamide, linear or branched chain (carboxy)alkyl carboxamide, linear or 
branched chain (alkoxycarbonyl)alkyl-carboxamide, linear or branched chain 
(carboxy)arylaIkylcarboxamide, linear or branched chain 

1 5 (alkoxycarbonyl)alkylcaTboxamide, an oligoester fragment comprising from 2 to about 20 
hydroxy acyl residues, a peptidic fragment comprising from 2 to about 20 amino acyl 
residues, or a linear or branched chain alkyl or aiy 1 carboxylic ester; wherein the carrier is 
a protein or lipid; wherein m is 1, 2 or 3; ^^erein Ra, Rb and Rc are each independently 
H or methyl; and wherein Rd, Re and Rf are each independently an alkyl glycosidic 

20 moiety having the structure: 



wherein each occurrence of A is independently selected from a carbohydrate domain 
25 having the structure: 
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wherein a, b, c, d, e, f, g, h, i, x, y and z are independently 0, 1, 2 or 3, with the 
proviso that x, y and z are not simultaneously 0; wherein the carbohydrate domain is 
liiked to the respective amino acyl or hydroxy acyl residue by substitution of a side 

1 0 group substituent selected from the group consisting of OH, COOH and NH2; wherein Ro 
is hydrogen, a linear or branched chain alkyl, acyl, arylalkyl or aryl group; wherein Ri, 
• R2, R3, R4 , R5, R^ , R7, Ra and R9 are each independently hydrogen, OH, OR', NH2, 
NHCOR', F, CH2OH, CH2OR', a substituted or unsubstituted linear or branched chain 
alkyl, (mono-, di- or tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl, arylalkyl or aryl 

1 5 group; wherein R' is hydrogen, CHO, COOR", or a substituted or unsubstituted linear or 
branched chain alkyl, arylalkyl or aiyl group or a saccharide moiety having the structure: 




w 



20 wherein Y and Z are independently NH or 0; wherein k, 1, r, s, I, u, v and w are 

each independently 0, 1 or 2; wherein Rio, Ru, R12, R13, Rk and R15 are each 
independently hydrogen, OH, OR"', NH2, NHCOR"', F, CH2OH, CH2OR'", or a 
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5 substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 

tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl, arylalkyl or aiyl group; wherein 
Ri6 is hydrogen, COOH. COOR'', CONHR", a substituted or unsubstituted linear or 
branched chain alkyl or axyl group; wherein R'" is hydrogen, CHO, COOR'^, or 
a substituted or unsubstituted linear or branched chain alkyl, arylalkyl or aryl group; and 

10 wherein R" and R'^ are each independently H, or a substituted or unsubstituted linear or 
branched chain alkyl, arylalkyl or aryl group; and wherein each occunence of n is 
independently 0-8, whereby, if for each occurrence of n, n = 0, at least one occurrence of 
A has a different structure from other occurrences of A; and wherein the n-alkyl 
glycosidic moiety is either a- or p-linked to an amino acid. 

15 In certain embodiments, each occurrence of A is independently selected from the 

group consisting of Globo-H, fucosyl GMl, KH-1, glycophorin, STN, (2,3)-ST, Le^, N3, 
Tn, 2,6-STn and TF. In but one preferred example, the present invention provides a 
novel trimeric antigenic glycopeptide incorporating globo-H, Le^ and Tn, to generate a 
novel trimeric antigenic compound, as described in more detail in Example 3 herein. 

20 

Pharmaceutical Compositions, Constructs and Uses Thereof 

As described above, the present invention provides compounds and synthetic 
methodologies useful in the development of novel therapeutic agents, particularly for 
fully synthetic cancer vaccines. In general, the compoxmds and glycopeptides prepared as 

25 disclosed herein can be conjugated to a protein carrier or a lipid to generate useful 
glycoconjugates for the treatnient and prevention, (preferably the prevention of the 
recurrence), of cancer in a subject suffering therefrom: In addition, glycoconjugates 
prepared by processes disclosed herein are antigens useful in adjuvant therapies as 
vaccines capable of inducing antibodies immunoreactive with various tumor cells. Such 

30 adjtivant therapies may reduce the rate of recurrence of certain cancers, and increase 
survival rates after surgery. Clinical trials on patients surgically treated for cancer who 
are then treated with vaccines prepared from a cell surface differentiation antigen found 
in patients lacking the antibody prior to immunization, a highly significant increase in 
disease-free interval may be observed. Cf. P.O. Livingston, et al, J, Clin. Oncol ,1994, 

35 12, 1036. 
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5 Thus, the present invention provides pharmaceutical compositions for treating 

cancer, preferably for preventing the recurrence of cancer, comprising any of the 
compounds of the present invention disclosed herein, as an active ingredient, optionally, 
though typically in combination with a pharmaceutically acceptable carrier. The 
pharmaceutical compostions of the present invention may further comprise other 

1 0 therapeutically active ingredients . 

This method of treatment comprises administering to the subject a therapeutically 
effective amount of any of the glyconjugates disclosed herein, optionally in combination 
with a pharmaceutically acceptable carrier. The method may be applied wherein the 
cancer is a solid tumor or an epithelial tumor. As mentioned above, methods for the 

15 treatment of cancer (preferably for the prevention of recurrence of cancer) are provided, 
as well as methods for inducing antibodies in a human subject, wherein the antibodies are 
capable of specifically binding with human tumor cells, which comprises administering 
to the subject an amount of any of the glycoconjugates disclosed above effective to 
induce antibodies. In certain embodiments, the carbohydrate antigen is linked to an 

20 effective carrier either directly or through a crosslinker, which carrier is a protein or lipid. 
In certain embodiments, the carrier protein is bovine serine albumin, polylysine or KLH. 
In certain other embodiments, the lipid is PamCys. 

In addition, the present invention provides the related method of inducing 
antibodies which further comprises co-administering an immunological adjuvant, or a 

25 combination of immunological adjuvants. In certain embodiments, the adjuvant is a 
saponin adjuvant (see, e.g., Marciani et al. Vaccine, 2000, 18, 3141, US Patent No.: 
6,080,725 and 5,977,081, the entire contents of which are hereby incorporated by 
reference). One example of a preferred saponin adjuvant includes, but is not limited to, 
GPI-OlOO, (Galenica Pharmaceuticals, Inc., Frederick, MD) which is a semi-synthetic 

30 adjuvant derived by modifying selected natural saponins. In certain other preferred 
embodiments, the adjuvant is bacteria or liposomes. In certain examples, the adjuvant 
includes but is not limited to. Salmonella minnesota cells, bacille Calmette-Guerin or 
QS21. 

It will be appreciated that the magnitude of the therapeutic dose of the compoimds 
35 of the invention will vary with the nature and severity of the condition to be treated and 
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5 with the particular compound and its route of administration. In general, the daily dose 
range for anticancer activity lies in the range of 0.0.001 to 1.0 mg/kg of body weight in a 
mammal, although the present invention is not intended to be limited by this range. 

Any suitable route of administration may be employed for providing a mammal, 
especially a human, with an effective dosage of a compound disclosed herein. For 
10 example, oral, rectal, topical, parenteral, ocular, puhnonary, nasal, etc. routes may be 
employed. Dosage forms include tablets, troches, dispersions, suspensions, solutions, 
capsules, creams, ointments, aerosols, etc. In preferred embodiments, the effective 
dosage is employed using a syringe injection. 

The inventive compositions include those suitable for oral, rectal, topical 
15 (including transdermal devices, aerosols, creams, ointments, lotions and dusting 

powders), parenteral (including subcutaneous, intramuscular, and intravenous), ocular 
(opthalmic), pulmonary (nasal or buccal inhalation) or nasal administration. Although 
the most suitable route in any given case will depend largely on the nature and severity of 
the condition being treated and on the nature of the active ingredient. They may be 
20 conveniently presented in unit dosage form and prepared by any of the methods well 
known in the art of pharmacy. 

In preparing oral dosage forms, any of the unusual pharmaceutical media may be 
used, such as water, glycols, oils, alcohols, flavoring agents, preservatives, coloring 
agents, and the like in the case of oral liquid preparations (e.g., suspensions, elixers and 
25 solutions); or carriers such as starches, sugars, microcrystalline cellulose, diluents, 

granulating agents, lubricants, binders, disinterating agents, etc., in the case of oral solid 
preparations are preferred over liquid oral preparations such as powders, capsules and 
tablets. If desired, capsules may be coated by standard aqueous or non-aqueous 
techniques. In addition to the dosage forms described above, the compounds of the 
30 invention may be admimstered by controlled release means and devices. 

Pharmaceutical compositions of the present invention suitable for oral 
administration may be prepared as discrete units such as capsules, cachets or tablets each 
containing a predetermined amount of the active ingredient in powder, or granular form or 
— as a solution or suspension in an aqueous or nonaqueous liquid or in an oil-in- water or 

35 water-in-oil emulsion. Such compositions may be prepared by any of the methods known 
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in the art of phannacy. In general, compositions are prepared by uniformly and 
intimately admixing the active ingredient with liquid carriers, finely divided solid 
carriers, or both and then, if necessary, shaping the product into the desired form. For 
example, a tablet may be prepared by compression or molding, optionally with one or 
more accessory ingredients. Compressed tablets may be prepared by compressing in a 
suitable machine the active ingredient in a free-flowing form such as a powder or granule 
optionally mixed with a binder, lubricant, inert diluent or surface active or dispersing 
agent. Molded tablets may be made by molding in a suitable machine, a mixture of the 
powdered compound moistened with an inert liquid diluent. 

It will be appreciated by one of ordinary skill in the art, however, that the most 
suitable route for administration will depend largely on the nature and severity of the 
condition being treated and on the nature of the active ingredient. As discussed above, 
the inventive therapeutics may be conveniently presented in unit dosage form and 
prepared by any of the methods well known in the art of pharmacy. 

As discussed above, in one embodiment of the present mvention, the inventive n- 
alkenyl glycosides can be conjugated either directly or through a crosslinker to an 
appropriate carrier (e.g., KLH) to generate a synthetic tumor antigen. In general, a 
typical conjugation strategy that can be employed involves a reductive coupling of a 
glycoside which terminates, in a glycoaldehyde, with the intended protein carrier, or lipid, 
presumably at the e-amino acid residues of exposed lysines. (M.A. Bernstein; L.D. Hall, 
Carhohydr. Res. 1980, 75, CI; R.V. Lemieux Chem. Soc. Rev. 1978, 7, 423). 

Thus, in another aspect, the present invention provides synthetic constructs, 
whereby novel antigenic structures, as described herein, are conjugated to carrier 
proteins, peptides or lipids. It will also be appreciated by one of ordinary skill in the art 
that, in the generation of a synthetic construct, more than one n-alkenyl moiety or 
glycopeptide moiety can ultimately be conjugated to a carrier protein to generate the 
synthetic vaccine. Thus, in addition to the conjugated glycopeptide structures as 
provided herein, constructs having the general structure as depicted below are also 
provided: 
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wherein a, b, c, d,.e, f, g, h, i, x, y and z are independently 0, 1 . 2 or 3. with the 
proviso that x, y and z are not simultaneously 0; wherein^Ro is hydrogen, a linear or 
branched chain alkyl. acyl, arylaikyl or aryl group; wherein Ri, R2, R3. R4 , R5, R* , Rt, 
Rs and R9 are each independenUy hydrogen. OH, OR', NH2, NHCOR', F, CHjOH, 
CH2OR', a substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl, arylaikyl or aryl group; wherein R' is 
hydrogen, CHO, COOR", or a substituted or unsubstituted Hnear or branched chain alkyl, 
arylaikyl or aryl group or a saccharide moiety having the structure: 
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Ro- 





wherein Y and Z are independenUy NH or O; wherein k, 1, r. s, t, u, v and w are each 
independently 0, 1 or 2; wherein Rio, Rn, R12, R13, Ri4 and R15 are each independently 
hydrogen, OH, OR"\ NH2. KHCOR"', F, CH2OH, CH2OR"', or a substituted or 
10 unsubstituted linear or branched chain alkyi, (mono-, di- or tri)hydroxyalkyl, (mono-, di- 
or tri)acyloxyalkyl, arylalkyl or aryl group; wherein R16 is hydrogen, COOH, COOR", 
CONHR", a substituted or unsubstituted linear or branched chain alkyi or aryl group; 
wherein R"' is hydrogen, CHO, COOR*", or a substituted or unsubstituted linear or 
branched chain alkyi, arylalkyl or aryl group; and wherein R" and R"' are each 
15 independently H, or a substituted or unsubstituted linear or branched chain alkyi, 
arylalkyl or aryl group; 

wherein n is 0-8; wherein the carrier is a protein or lipid, including, but not 
limited to Bovine Serine Albumin, KLH and PamCys, wherein said protein or lipid is 
linked directly or though a crosslinker; and wherein m is in the range of 20-600. In 
20 certain preferred embodiments, n is 4. In certain other embodiments, m is in the range of 
200-600. In still other preferred embodiments, the carbohydrate determinant is selected 
from the group consisting of Globo-H, KH-1 , glycophorin, STN, (2,3)ST, N3, Tn, TF, 
2,6-STn, and Le^ In yet other preferred embodiments, the carbohydrate determinant is 
fiicosyl GMl, which has the structure as depicted above, and as shown in Figure 1. 
25 It will be appreciated that because certain of the inventive compounds produced 

terminate in an alkenyl linkage, in a typical protocol according to the present invention, 
conversion to an aldehyde is first required. Thus, in but one exemplary embodiment, an 
inventive synthetic globo-H tumor antigen is prepared from an n-alkenyl globo-H 
glycoside. As described in Example 2, this procedure involves exposing the n-alkenyl 
30 globo-H glycoside to oxidative conditions, in this case ozonolysis, followed by reductive 



43 



wo 01/14395 



PCTAJSOO/22894 



5 work-up to yield an aldehyde intermediate to generate a vaccine glycoconjugate. 

Subsequent hydrolytic carbohydrate analysis reveals approximately 350 carbohydrate 

residues/molecule of carrier protein, as described in Example 2. 

In yet another example, a fiicosyl GMl-KLH glycoconjugate is generated 

according to the method of the present invention, as discussed in Example 1. Notably, 
10 prior to conjugation studies, synthetic n-pentenyl fiicosyl GMl was shown to bind to 

monoclonal antibody F12 in ELISA and immune thin layer chromatography assays. 

Inhibition studies revealed that preincubation of F12 with antibody completely inhibits 

reactivity of natural fucosyl GMl, with the antibody. Clearly, the synthetic fucosyl GMl 

pentenyl glycoside provides the antigenic epitope with which F12 reacts on SCLC cells. 
15 Additionally, once a synthetic vaccine has been derivatized and characterized, 

mouse unmunological studies can be performed to assess the potency and/or specificity 

of the novel tumor vaccines, as described in Example 4 herein. 

Equivalents 

20 The representative examples which follow are intended to help illustrate the 

invention, and are not intended to, nor should they be construed to, limit the scope of the 
invention. Indeed, various modifications of the invention and many further embodiments 
thereof, in addition to those shown and described herein, will become apparent to those 
skilled in the art from the full contents of this document, including the examples which 

25 follow and the references to the scientific and patent literature cited herein. In but one 
illustrative example, protecting groups play an important role in the synthesis of the 
carbohydrate domains and synthetic conjugates, as described herein; however it will be 
appreciated by one of ordinary skill in the art that the present invention encompasses the 
use of various alternate protecting groups known in the art. Those protecting groups used 

30 Ln the disclosure including the Examples below are merely illustrative. 

It should further be appreciated that the contents of those cited references are 
incorporated herein by reference to help illustrate the state of the art The following 
examples contain important additional information, exemplification and guidance which 
can be adapted to the practice of this invention in its various embodiments and the 

35 equivalents thereof 
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Exemplification 

A Example 1: Synthesis of fucosyl GMl pentenyl glycoside 
1) Discussion of Synthesis: 
10 As discussed above, in one aspect of the invention, the synthesis of fucosyl GMl 

pentenyl glycoside is provided. In one embodiment of the present invention, this was 
achieved similarly to the methodology employed in the synthesis of MBrl antigen, 
Globo-H (see, Park et al, J. Am. Chem. Sac. 1996, 118. 11488). For example, as shown 
in Figure 2, the synthesis of the ABC trisaccharide starting &om the known protected 
15 lactal derivative 2, was first undertaken (Kwon, O.; Danishefsky. S.J. J. Am. Chem. Soc. 
1998, 120, 1588). Selective sialylation of the C3* equatorial hydroxy! in 2 proceeded 
smoothly with phosphite donor 3 (Sim et al, J. Am. Chem. Soc. 1993, 115, 2260; 
Chappell et al. Tetrahedron 1997, 53, 1 1 109) to yield the glycal 4 as the only observable 
isomer in 75% yield. In addition, propionitrile was employed as the solvent because of 
20 the necessity to perform the reaction at low temperatures. Use of elevated temperatures 
in acetonitrile as the solvent resulted in diminished anomeric selectivity, regioselectivity 
and lower chemical yields. The key DEF trisaccharide was synthesized as previously 
described in the Globo-H synthesis (Park et al J. Am. Chem, Soc, 1996, 118, 11488). 
The requisite thioethyl donor 5 is shown in Figure 2. Based on previous experience, it 
25 was expected that this specific donor would favor (3-glycosidation via sulfonamido 
participation under the close guidance of the "proximal hydroxyl" directing effect (see 
asterisk) (see also, Park et al J. Am. Chem. Soc. 1996, 118, 11488; Kwon et al J. Am. 
Chem. Soc. 1998, 120, 1588), and the results confirmed this expectation. In an 
experiment directed at "proof of principle", reaction of 5 with 5.0 equivalents of MeOTf 
30 (Lonn, U. Carbo. Res. 1985, 134, 105; Lonn, H. J. Carbohydr. Chem. 1987, 6, 301) in 
the presence of 4 gave the desired hexasaccharide 6 in 23 % yield, as shown in Figure 3. 
Although direct deprotection of this compound was not achieved to yield the desired 
compound, in an effort to find a hexasaccharide which was suitable for global 
deprotection, replacement of the reducing" end glycal was considered. Such - a. 
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replacement would also be potentially useful as a linker capable of being modified to 
allow for conjugation to a protein carrier or lipid. 

In but one example, the use of a n-pentenyl glycoside was considered (For a 
review of n-pentenyl glycosides, see Fraser-Reid et al, Synktt, 1992, 927; Udodong et 
al 1 Am. Chem. Soc, 1993. 775, 7886; Merrittera/. J. Am, Chem. Soc. 1994, 776, 8334; 
Fraser-Reid et al 1990, 55, 6068; Mootoo et al J. Am. Chem. Soc. 1988, 770, 2662; 
Mootoo et al. J. Am. Chem. Soc. 1989, 777, 8540 and references therein). N-pentenyl 
glycosides are stable to a range of reaction conditions and reagents, but are readily 
activated for glycosidation reactions by treatment with a halogen oxidant. As a result of 
their stability and the neutral conditions required for their activation, pentenyl glycosides 
have been demonstrated to be valuable linkages for mechanistic and synthetic studies. 
Additionally, a terminal pentenyl group, or more generaUy a terminal aikenyl group, 
could also provide a handle for bioconjugation. Thus, in one embodiment, glycal 6a was 
subjected to epoxidation under standard procedures with 3,3-dimethyldioxirane (Figure 
3). Reaction with pentenyl alcohol and anhydrous zinc chloride (Gordon et al. 
Carbohydrate Res. 1990, 206, 361) afforded the glycoside 7 in 65% yield. Indeed, with 
the pentenyl glycoside in place, global deprotection of 7 was possible. The sequence 
shown in Figure 3 furnished the peracetylated hexasaccharide lactone 8 in 46 % yield (5 
steps). Removal of the acetates with sodium methoxide followed by saponification of the 
resulting methyl ester yielded the target, fucosyl GMl pentenyl glycoside, lb. The 
assignment of structure lb was based on 'H and ^^C NMR analysis of lb, in conjunction 
with characterization of intennediates en route to the fmal structure, and is supported by 
high resolution mass spectrometry. 

In yet another embodiment, in an effort to produce significant quantities of this 
epitope for pre-clinical, and eventually clinical evaluation, a more efficient synthetic 
route was developed utilizing a glycoside at the reducing end at the acceptor, rather than 
a glycal. As shown in Figure 4, pentenyl lactoside was furst investigated. For this 
purpose, lactose octaacetate was converted to the known bromide 9 (Reithal, Y. J. Am, 
Chem. Soc. 1952, 74, 4210; Dasgupta et al. Carbohydr. Res. 1994, 264, 155). Reaction 
of this compound with pentenyl alcohol under promotion by silver carbonate delivered 
the desired pentenyl glycoside, 10, on 100 g scale (Rodriguez, et al. Aust. J. Chem. 1990, 
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5 43, 665). An analogous coupling to produce 9 using silver triflate as promoter resulted m 

only a 17% yield of the desired product. Removal .of the acetates yielded lactoside 11. 

Again, the C3* and C4' hydroxyl groups were engaged, this time as the dimethyl ketal 12. 

This reaction, as currently conducted, was accompanied by formation of minor amounts 

of 4,6-acetonide (Catelani et al. Carb. Res. 1988, 182, 297). Perbenzylation of 12 to give 
10 13 followed by acetonide removal with aqueous acetic acid yielded the desired AB 

acceptor 14. Sialylation using phosphite donor 3 (Figure 2) proceeded in comparable 

yield to give trisaccharide acceptor, 15. 

Finally, turning to the desired fucosyl GMl, coupling of donor 5 with a 2.0 molar 

excess of the acceptor i5 containing the pentenyl linker proceeded with MeOTf 
15 promotion (1.5 equivalents x 2) in excellent yield (70%; see Figure 5). Global 

deprotection under identical conditions as in Figure 4, yielded the characterized 

hexasaccharide lb. 

Attention was then directed to the fmal goal of developing a glycoconjugate. 
Synthetic lb was subjected to conjugation to canier protein KLH, as depicted in Figure 

20 6. The protocol started with ozonolysis, thereby producing the uncharacterized aldehyde 
derivative. This step was followed by coupling to KLH using reductive amination under 
the agency of sodium cyanoborohydride. Presumably coupling of the carbohydrate had 
occurred v^th the e-amino group of lysine residues in the KLH. Hydrolytic carbohydrate 
analysis revealed approximately 331 carbohydrate residues per molecule of KLH to 

25 generate Ic. 

2) Experimetttals 

Peracetyl pentenyl-p-D-Iactoside (10). To a cooled (ice bath) suspension of 
lactose octaacetate (100.0 g, 147.7 mmol), glacial acetic acid (30 mL) and acetic 

30 anhydride (30.mL).was added 100 mL of 30% HBr in AcOH dropwise over a period of 
60 minutes. • The reaction mixture stirred for 1 hour and the ice bath was removed. Upon 
stirring for an additional 2 hours at room temperature, the reaction became a 
homogeneous yellow solution. The solution was diluted with HiO (1000 mL) and 
extracted with CHCI3 (3x400 mL). The organic extracts were washed with H2O (2x1 000 

35 mL), satd. NaHCOa (3x500 mL), dried over MgSO* and concentrated. The a-bromo 



47, 



wo 01/14395 



PCT/USOO/22894 



5 product 9 was azeotroped with anhydrous benzene and dried under high vacuum to yield 
98.8 g (96%) of the lactosyl bromide which was used without further purification. 
To a suspension of AgzCOs (100 g, 362.6 mmol), freshly activated molecular sieves (15 
g) and a crystal of I2 in 400 mL CH2CI2 was added pentenyl alcohol (5.0 equiv., 73.4 mL) 
and then the lactosyl bromide 9 (98.8 g, 141.4 mmol) in 400 mL of CH2CI2. After 
10 stirring in the dark at room temperature for 16 hours, the reaction was filtered through a 
plug of celite with additional CH2CI2 and concentrated to a yellow oil which was purified 
by flash column chromatography (10% EtOAc/hexanes->50% EtOAc/hexanes) to yield 
74.7 g (75%) of the pentenyl lactoside 10 as a white foam. [a]22£) -48.9" (c 7.5,. CHCI3); 
IR (fUm CHCI3) 2941, 1751, 1369, 1224, 1054 cm'^; NMR (CDCl3,.400 MHz) 
15 55.60 (m, IH), 5.17 (d, IH, J=2.7 Hz), 5.02 (m, IH), 4.93 (dd, IH, J=7.9, 10.3 Hz). 4.85 
(d, IH, J=1.6 Hz), 4.78 (m, 2H), 4.71 (dd, IH, J-9.6, 7.9 Hz), 4.30 (m, 3H). 3.93 (m, 
3H), 3.66 (m, 3H), 3.45 (m, IH), 3.30 (m, IH), 1.98 (s, 3H), 1.94 (s, 3H), 1.91.(m, 2H), 
1.89 (s, 3H), 1.88 (s, 6H, 2xCH3), 1.87 (s, 3H), 1.79 (s, 3H), 1.49 (m. 2H); l^c NMR 
(CDCI3, 100 MHz) 5 170.33, 170.28, 170.09, 170.00, 169.74, 69.54, 169.01, 137.72, 
20 115,00, 101.01, 100.51, 76.27, 72.76, 72.48, 71.64, 70.94. 70.58, 69.23, 69.01, 66.52, 
61.97, 60.73, 29.75, 28.49, 20.80, 20.75, 20.64, 20.57, 20.45; HRMS (FAB) cald. for 
C3iH440i8Na [M+Naf 727.2425. found 727.2418. 

Pent-4-enyl 3', 4'-0-acetonide-p-D-lactoside (12). Peracteylated pentenyl lactoside, 10, 
(18.2 g, 25.8 mmol) was dissolved in 300 mL of anhydrous MeOH and 2.0 mL of 

25 NaOMe (25% in MeOH) was added. The reaction stirred at rt for 16 hours and was 
neutralized with Dowex-H+ (pH 5-6). The reaction was filtered with additional MeOH 
and concentrated to a white solid (10.6 g, quantitative) which was used without fiirther 
purification. Pentenyl-p-D-lactoside 11: ^HNMR (D20, 400 MHz) 5 5.81 (m, IH), 5.00 
(dd, IH, J-17.3, 1.9 Hz), 4.92 (dd, IH, J=8.9 Hz), 4.74 (m, IH), 4.39 (d, IH, J=8.0 Hz), 

30 4.35 (d, IH, J=7.8 Hz), 3.72-3.42 (m, 12H), 3.21 (m, IHO, 2.06 (m. 2H), 1.63 (m, 2H); 
13c NMR (D2O, 100 MHz) 5 141.27. 117.31, 105,42, 104.54, 80.85, 77.84, 77.24, 
76.92, 75.33, 75.00, 73.44, 72.47, 71.03, 63.52, 62.56. 31.83, 30.48. 
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5 To pentenyl lactoside 11 (10.6 g, 25.8 mmol) was added 200 mL acetone, 26 mL of 
dimethoxypropane and p-toluenesulfonic acid (491 mg, 0.1 eqiiiv.). The suspension 
stirred at room temperature overnight at which point the reaction was homogeneous. The 
reaction was concentrated and purified by flash column chromatography (100% EtOAc - 
> 2%MeOH in EtOAc) to give 5.1 g (44%) of the 3,4-acetonide as a white sohd and 1.27 
10 g of the 4,6-acetonide as a white solid. 3,4-acetonide, 12: [a]2-^D 79.0° (0.96c , MeOH); 
IR 3422, 2980, 2933, 2870, 1242, 1073 cm'l; NMR (MeOH, 400 MHz) 6 5.83 (m, 
IH), 5.00 (dd, IH, J=17.1, 3.4 Hz), 4.92 (dd, IH, J-10.2, 2.0 Hz), 4.34 (d, IH, J=8.2 Hz), 
4.25 (d. IH, J=7.8 Hz), 4.17 (dd, IH, J=5.5, 2.1 Hz), 4,02 (dd, IH, J=7.2, 5.5 Hz), 3.91 
(m, 3H), 3.88-3.73 (m, 5H), 3.55-3.47 (m. 3H), 3.42 (m, IH), 3.38 (m, IH), 3.21 (m, IH), 
15 2.13 (m, 2H), 1.67 (m, 2H), 1.45 (s, 3H), 1.30 (m, 3H); l^C NMR (MeOH, 100 MHz) 5 
139.42, 115.20, 111.04 (0-C-O), 104.16, 104.09, 80.94, 80.77, 76.29, 76.25, 75.27, 
75.00, 74.76, 74.39, 62.36, 61.82, 31.18 (CH3), 30.02, 28.41, 26.51 (CH3); HRMS (Fab) 
cald. for C2oH340i,Na [M+Naf 473.1998, found 473.1985. 4,6-acetonide: [a]^'^v - 
216.0 ° (c 1.14, MeOH); IR 3364, 2926, 2870, 1380 cm'^ ^H NMR (MeOH, 400 MHz) 
20 5 5.79 (m, IH), 4.98 (dd, IH, J-17.0, 1.8), 4.90 (dd, IH, J=10.2, 1,0), 4.35 (d, IH, J-7,8 
Hz), 4.24 (d, IH, J=7,8 Hz), 4,13 (m, 2H), 3.86-3.82 (m, 3H), 3.76 (dd, IH, J=12.9, 1.4 
Hz), 3.61-3.49 (m, 5H), 3.44 (s, IH), 3.35 (m, IH), 3.19 (t, IH), 2.11 (m, 2H), 1.66 (m, 
2H), 1.43 (s, 3H), 1.35 (s, 3H); l^c NMR (MeOH, 100 MHz) 5 139.48, 115.20, 104.68, 
104.26, 100.17 (O-C-0), 79.86, 76.40, 76.35, 74.81, 73.34, 71.46 ,70.25, 69.95, 68.04, 
25 63.67, 61.69, 31.23 (CH3), 30.08, 29.56, 18,69 (CH3). 

Pent-4-enyl 2, 3, 6, T, 6'-penta-0-benzyl-3', 4'-0-acetonide-p-D.lactoside (13). The 
acetonide 12 (3.40 g, 7.54 mmol) was azeotroped with anhydrous benzene, dissolved in 
anhydrous DMF (60 mL, 0.12 M) and cooled to 0 '^C. Benzyl bromide (passed through 
basic alumina, 10.0 equiv. 8.97 mL), was added foUowed by solid NaH (95%, 7.5 equiv., 
30 1 .76 g) in one portion. The reaction was aUowed to warm to room temperature overnight 
and then poured into ice cold H2O (500 mL) and extracted with CHCI3 (200 mL, 
2xl00mL). The organic extracts were washed with brine (500 mL), dried over MgS04 
and concentrated to a yeUow oil which was purified by flash column chromatography 
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13 



20 



25 



30 



(5% EtOAcAexanes -> 20% EtOAcmexanes) to yield 5.70 g (84%) of the product as a 
viscous oil. (a]22D 196.0° (1.09c , CHCI3); IR (film CHCI3) 3062, 3029. 2868, 1367, 
1093. 1055 cm-1; NMR (CDCI3. 400 MHz) 5 7.39-7.20 (m, 2SH), 5.78 (m, IH), 
4.98 (dd, IH, J=17.1, 3.4 Hz). 4;93 (dd. IH. J=10.2, 2.0 Hz). 4.89 (d. IH, J=10.6 Hz). 
4 86 (d. IH. J=10.9 Hz). 4.75 (d, IH. J=11.7 Hz). 4.70 (d. IH. J=10.6 Hz). 4.68 (d. IH. 
J=10.8 Hz). 4.63 (d. IH. 11.8 Hz). 4.53 (d. IH. J=12.1 Hz). 4.46 (d, IH, J=12.1 Hz). 4.39 
(d, IH. J=6.3 Hz), 4.36 (d, IH, J=2.0 Hz). 4.34 (d. IH. J=7.8 Hz). 4.28 (d. IH. J=12.0 
Hz), 4.07 (dd, IH, 1=5.5, 1.4 Hz), 3.99 (m, IH), 3.91 (m. 2H), 3.76 (dd. IH. J=11.9. 4.2 
Hz)', 3.70 (dd, IH, J=10.8. 1.6 Hz). 3.65 (m. 2H). 3.55-3.47 (m. 3H), 3.35 (m, 2H), 3.30 
(dd,' IH, 1=7.9, 0.8 Hz), 2.31 (m, 2H). 1.72 (m, 2H), 1.36 (s, 3H). 1.31 (s. 3H); 13c NMR 
(CDCI3. 100 MHz) 8 138.92. 138.54. 138.43, 138.31, 138.19. 138.00, 128,22, 128.16, 
128.08. 127.99, 127.95. 127.77, 127.63, 127.49, 127.40, 127.34, 127.20, 114.83, 109.66, 
103 56, 101.76. 82.89, 81.75, 80.53. 79.26, 76.30, 75.32, 74.96. 74.91. 73.51, 73.28, 
73.12. 73.08. 71.86, 69.16, 68.82. 68.18. 30.15. 28.87, 27.89. 26.34; HRMS (FAB) cald. 
for [M+Na]* C55H640„Na 923.4346. found 923.4330. 

Pent-4-enyl 2, 3, 6, 2', 6'-penta-0-beiizyl-p-D-lactoside (14). The acetonide 13 (5.7 g. 
6.32 mmol) was dissolved in 80% AcOH in H2O (60 rpL) and heated to 75 »C for 3 
hours. The reaction was cooled to rt, diluted with H2O (500 mL) and extracted with 
CHCI3 (200 mL. 2x100 mL). The organic extracts were washed with H2O (500 mL), 
satd. NaHC03 (3x300 mL). dried over MgS04 and concentrated to an oil which was 
purified by flash column chromatography (25% EtOAc/hexanes) to yield 5.21 g (96%) of 
a white solid. [a]22D 194.1» (1.13c , CHCI3); IR (film CHCI3) 3444, 3028. 2868. 1091. 
1058 cm-1; Ir NMR (CDCI3, 400 MHz) 5 7.41-7.20 (m. 25H). 5.74 (m. IH), 4.96-1.88 
(m 3H), 4.82 (d. IH. J=10.9 Hz), 4.72 (d. IH. J=11.4 Hz), 4.70 (d, IH, J=10.9 Hz). 4.64 
(d. IH, J=10.9 Hz), 4.58 (d, IH. J=11.6 Hz), 4.52 (d, IH. J=10.9), 4.38-4.28 (m, 5H), 
3.93-3.85 (m. 3H), 3.71 (m, 2H), 3.55-3.40 (m, 4H), 3.36 (m, 3H), 3.28 (m, 2H), 2.48 (d. 
OH, IH. j=3.2 Hz), 2.40 (s, OH, IH). 2.09 (m. 2H). 1.66 (m. 2H); 13c NMR (CDCI3. 
100 MHz) 5 139.09. 138.53, 139.29, 138.17, 138.01, 137.91, 128.44, 128.35, 128.24, 
127.89. 127.82. 127.77. 127.63. 127.55. 127.19, 114.86, 103.57, 102.53, 82.76, 81.71, 
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79 96 76 57 75.17, 75.02. 74.89, 74.80, 73.45, 73.40. 73.12. 72.79. 69.22, 68.71. 68.60. 
68.24. 30.17, 28.88; HRMS (FAB) cald. for C«H«,OuNa IM+Nar883.4033. found 
883.4017. 

Trisaccharide 15. THe phosphite donor 3 (1.0 g. 1.35 nmunol) and lactosyl acceptor 14 
(2 5 g 2 90 inmol) were combined, azeotroped with anhydrous benzene and placed under 
high v'acuum for 2 hours. The mi>rture was dissolved in anhydrous CH3CH2CN (distilled 
from CaH3), &eshly activated molecular sieves were added and the reaction cooled to 40 
"C A portion of TMSOTf (0.1 equiv.. 27nL) was added and the reaction was allowed to 
stir at -40 overnight. Tbe reaction was then warmed to -30 -C and another 0.1 
equivalent of TMSOTf was added. Upon stirring for an additional 2 hours at -30 <"C. the 
; reaction was quenched by the addition of solid NaHCOs and was filtered through aplug 
of celite with the aid of EtOAc. The organic layer was washed with satd. NaHCO, 
(2x400 mL) and dried over MgSO^. Evaporation of organic layer gave a cloudy oil 
which was subjected to flash column chromatography using careful gradient elutionin 
order to recover acceptor and product trisaccharide (20% EtOAc/hexanes -> 75% 
0 EtOAc/hexanes). The product (1.35g, 75%) was obtained as a white foam and 0.95 g of 
starting acceptor was recovered. : [a]^^D 2.38° (c 1.30, CHCI3); IR (fto CHCI3) 3106. 
2866, 1744, 1689, 1368, 1222. 1055 cm-1; lHNMR(CDCl3. 400 MHz) 5 7.40-7.17 (m. 
25H) 5.79 (m, IH), 5.38 (m, IH), 5.27 (dd, IH. J=8.0, 2.0 Hz), 5.08 (d, IH, J=10.0 Hz). 
4 95 (m, 3H), 4.86 (d. IH. J=10.9 Hz), 4.75 (d, IH. 1=5.7 Hz). 4.72 (d, IH. J=10.8 Hz), 
2S 4 68 (d, IH, J=n.0 Hz), 4.56 (d, IH, 1=11.9 Hz). 4.54 (d. IH. J=7.6 Hz), 4.44 (d, IH, 
J=12 2 Hz). 4.39 (m, IH), 4.32-4.25 (m. 3H), 4.06-3.88 (m, 6H). 3.79 (m, 2H), 3.72 (s. 
3H) 3.65 (m, 3H). 3.54-3.44 (m, 5H). 3.35 (m, 2H). 2.66 (d, OH. IH. J=3.3 Hz). 2.47 
(dd, IH, J=13.0. 4.7 HZ). 2.12 (m. 2H). 2.06 (s, 3H). 2.02 (m, IH). 1.98 (s. 3H). 1.95 (s. 
3H),1.85 (s. 3H). 1.83 (s. 3H). 1.71 (s. 3H) ; NMR (CDCI3. 100 MHz) 5 170.77, 
30 170 53, 170.23, 169.92. 169.87. 168.32. 139.09. 138.90. 138.61, 138.45. 138.34, 138.05. 
128 27. 128.21. 137.99. 127.51. 127.42, 127.11, 114.81, 103.48, 102.29, 98.32. 82.90, 
81 80 78.37. 76.50, 76.30, 75.31, 75.01, 74.89, 74.82, 73.23. 72.97, 72.66, 72.37, 69.16. 
69 03. 68:69. 68:43.-68.36. 67.81. 67.08. 62.21. 52.99. 49.17, 36.41, 30.17, 28.89. 23.1 1. 
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5 21.08. 20.77, 60.67, 60.47; HRMS (FAB) cald. for C^H„NO^Na (M+Na+) 1356.5566. 
found 1356.5557. 

Hexasaccharide 7 (R=Bn). THe thioethyl donor 5 (311 mg. 0.243 mmol) and acceptor 
15 (627 mg, 0.487 mmol) were combined, azeotroped with anhydrous benzene (5x5 mL) 
and placed under high vacuum for 5 hours. The mixture was then dissolved in 1.6 mL 
10 CH2C12 and 3.2 mL Et20 (0.05M total), treated with fteshly prepared molecular sieves 
and cooled to 0 "C. Methyl triflate (1.5 equiv., 41 ^L) was added in one portion and the 
reaction stirred at 0 °C ovetnight. In the morning, another 20 ^L of MeOTf was added 
and the reaction was allowed to stir for an additional 2 hours at 5 »C. The reaction was 
quenched by the addition of solid NaHCOs, filtered through celite with EtOAc. 
15 concentrated and purified by flash column chromatography (gradient elution 25% 
EtOAc/hexanes ■> 50% -> 75% EtOAc/hexanes) to give 437 mg (70%) of 
hexasaccharide as a white foam and 300 mg of recovered trisaccharide accpetor: [a]^^D 
-29.4= (c 3.25. CHC13); IR (film CHCb) 3285, 3028, 2940. 2865, 1794. 1749. 1690. 
1220. 1090 cm-1; NMR (CDCI3, 400 MHz) 5 7.74 (d. 2H, J=7.5 Hz). 7.34-7.08 (m. 
20 43H). 5.75 (m. IH), 5.52 (d, IH, J=4.7 Hz). 5.29 (app s. IH), 5.23 (dd, IH, J=9.5, 1.4 
Hz), 5.15 (m. IH), 5.02 (d, IH. J=9.8 Hz)4.97-4.87 (m, 5H). 4.84 (d. IH, J=10.9 Hz). 
4 81-4.70 (m. 5H). 4.63 (d. IH, J=11.6 Hz). 4.57 (m. 3H). 4.44 (d, IH. J=7.2 Hz). 4.40 
(d IH J=12.2 Hz), 4.30 (d. IH, J=7.8 Hz). 4.10 (m. 2H). 3.98-3.81 (m, 12H). 3.82 (s. 
3H) 3 78-3.68 (m. 7H). 3.64-3.45 (m. 8H), 3.27 (m. 3H). 3.17 (dd. IH). 2.80 (d, OH, IH, 
25 J=2 1 Hz) 2.19 (dd. IH. J=13.0, 4.5 Hz), 2.10 (m, 3H), 2.01 (s, 3H). 1.92 (s, 3H), 1.88 (s. 
3H). 1.82 (s, 3H). 1.81 (s. 3H). 1.68 (m, 2H), 1.08 (d. 3H. J=5.4 Hz), 1.00-0.92 (m, 
42H)- »3C NMR (CDCI3, 100 MHz) 5 170.61. 170.34, 170.26, 169.66, 167.78, 155.48. 
138 95 138.65, 138.63, 138.56. 138.42. 138.38. 138.27, 138.05. 132.17. 129.02, 128.59. 
128 46. 128.18. 128.05, 127.91, 127.63, 127.51, 127.24, 127.09, 114.80, 103.42. 102.76, 
30 102.45. 100.16. 99.58. 98.76. 82.87, 81.53, 79.06. 77.32, 77.24, 77.16. 75.12, 75.07, 
74 95 74 80 73.92,73.27,73.04,72.93,72.19.69.23,69.14,69.09,67.89,67.53.61.76, 
61 58 61 12 56.39, 53.60. 49.19, 35.36, 30.17. 28.89, 23.13, 20.97. 20.75, 20.62, 20.53, 
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17.85. 17.53. 17.33, 16.72, 11.80. 11.74; HRMS (FAB) cald. for Cij^TsNAsSSi^ 
(M+Na+) 2574.1 163, found 2574.1 130. 

Con^pound lb. To a solution of the hexasaccharide (130 mg, 0.0509 mmol) m THF (2.0 
„i) was added glacial AcOH (10.0 equiv., 29 .L) and TBAF (1.0 M IW. 10.0 equiv 
0 509 mL) The reaction stirred at rt overnight, was poured into ice water and exacted 
withEtOAc (3x50 mL). The organic extracts were washed with satd. KaHC03 (50 n>L) 
and brine (50 mL), dried over MgS04 and concentrated to an oil which was punfied 
through a short plug of siUca gel with EtOAc. The resulting triol was dissolved m 
anhydrous MeOH (2.5 mL) and sodium methoxide was added (0.250 mL of a 25/, 
solution in MeOH). H.e reaction stirred at rt for 18 hours and then 0.5 mL of THF and 
0.5 mL of H20 were added. Stirring at rt for an additional 24 hours was followed by 
neutralization with Dowex-H^. filtration with MeOH washings and concentration. The 
crude material was allowed to dry under high vacuum for 1 day. To the resulting wh.te 
solid was added THF (0.5 mL) and condensed liquid NH3 (~10 mL) at -78 »C. Sodium 
(-50 mg) was added and the resulting blue solution stirred at -78 =C for 1.5 hours. The 
reaction was quenched with anhydrous MeOH (~5 mL). brought to rt and concentrated 
with a stream of dry N2 to a volume of - 2 mL. The reaction was neutralized w.th 
Dowex.H+ filtered with MeOH washings and concnetrated to a white solid. The white 
solid was dissolved in 1.0 mL pyridine and 1.0 mL CH2CI2 and cooled to 0 "C. A 
crystal of DMAP was added followed by acetic anhydride (1.0 mL). Tb. ice bath was 
removed and the reaction stirred at rt overnight. Concentration followed by purification 
by flash column chromatography (gradient elution 75% EtOAc/hexanes -> 100% EtOAc 
..> 5% MeOH/EtOAc) gave 44 mg (46%) of 8 as a white solid: 1H NMR (MeOH, 400 
MHZ) 8 8.02 (d. IH. J=9.9 Hz), 7.87 (d, IH, J=9.2 Hz), 5.76 (m. IH). 5.49 (m, IH). 5.39 
(d IH J=2.9 Hz). 5.34-5.31' (m. 2H). 5.22 (d. IH, J=3.4 Hz). 5.19 (d. IH. J=4.1 Hz). 
0 5.;7 ii, IH. J=3.5 HZ). 5.12-5.05 (m. 3H). 4.97 (dd. IH, J=16.8, 1.7 Hz). 4.91 (dd lH^ 
J=10 0 1 7 HZ). 4.81-4.75 (m. 3H), 4.654.60 (m, 2H). 4.52 (d. IH. J=7.9 Hz). 4.48-4.44 
(m, 2H). 4.37 (dd. IH, J=10.0, 2.5 Hz). 4.28 (dd. IH. J=12.5. 2.4 Hz). 4.22-4.18 (m. 21^. 
4 14-3-99 (m. 9H). 3.96:3.92 (m7-2H); 3.891d: 1H. J=2.9 Hz). 3=88-3.77 (m. 4H). 3.72- 
3^62 (m. 3H). 3.51-3.45 (m. IH). 2.74 (dd, IH. J=l 1.3. 4.5 Hz). 2.19 (s. 3H). 2.13 (s. 3H). 
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2 11 (s 3H). 2.10 (s, 3H). 2.09 (s, 3H). 2.08 (s, 3H), 2.06 (s, 3H), 2.05 (s, 3H), 2.02 (s, 
3H) 2 01 (s, 3H). 2.00 (s. 3H). 1.99 (s, 3H), 1:98 (s. .3H). 1.97 (s. 3H), 1.95 (s. 3H). 1.94 
(s. 3H). .91 (s. 3H). .180 (s. 3H), 1.61 (m, 2H). 1.14 (d. 3H. J=6.4 Hz), 3 protons burned 
beneath acetates (2 Pn. 1 C3ax); "c NMR (MeOH, 100 MHz) 8 174.64. 173.64. 172.98. 
172 89 172.63. 172.56, 172.48. 172.44. 172.34, 172.27. 172.04. 171.99. 171.76. 171.73. 
171 62 171.35. 171.25, 139.23, 115.47, 104.62. 103.26. 101.86, 101.63. 100.78, 97.31, 
78 22 76.53. 75.08, 74.69. 74.29. 73.91, 73.53. 72.94. 72.71. 72.56. 72.16. 72.06. 71.89, 
71 74 70 19 69.87. 69.33. 69.11. 68.92. 65.96. 65.65, 63.68. 63.52. 62.69, 54.01. 53.09, 
50.6o'. 40.19. 31.09, 29.96. 24.17. 24.06, 22.73, 21.76, 21.59, 21.46. 21.20. 21.06, 20.89. 
20.75,20.63,20.55. 16.52. 

n,e peracetate (40 mg) was dissolved in anhydrous MeOH (2.0 mL) and 150 nL of 
sodium methoxide was added (25% solution in MeOH). The reaction stirred at rt for 18 
hours and then 0.5 mL of THF and 0.5 mL of H2O was added. The reaction strred for 
another 24 hours at rt. Neutralization with Dowex-H+ (-pH 6-7) was followed by 
filtration with MeOH washings, concentration and purification using P-2 Gel (H2O 
clutent) to yield 24 mg (96%) of a white solid: IR 3346. 2940. 2882. 1657. 1620. 1376, 
1069 cm-1; 1HNMR(D20. 400 MHz) 8 5.86 (m. IH). 5.18 (d, IH. J=4.0Hz). 5.04 (dd, 
IH J=17.22. 1.7 Hz). 4.97 (dd. IH. J=10.6 Hz), 4.63 (d, IH, J=7.6 Hz). 4.57 (d, IH, 
j=7 7) 4 46 (d. IH, J=7.9 Hz), 4.43 (d, IH, J=8.1 Hz), 4.15 (m, IH), 4.09-4.02 (m, 3H), 
3 94-3.84 (m. 5H). 3.80-3.63 (m. 18H), 3.60-3.53 (m. 6H). 3.47 (dd. IH. J=10.3, 1.8). 
3.32 (t, IH). 3.26 (t, 2H). 2.62 (dd. IH. J=13;4. 4.3 Hz). 2.09 (m, 2H), 1.98 (s, 6H). 1.86 
(m. IH). 1.67 (m. 2H). 1.15 (d. 3H. J=6.5 Hz) ; 13c NMR (D2O. 100 MHz) 8 176.29. 
175 43 175 16 139.97, 115.99. 104.38. 103.77, 103.30. 103.22. 102.25, 100.35. 79.67. 
78 12. 77.65. 77.03. 76.06. 75.94, 75.62. 75.44, 75.24, 74.85, 74.19. 74.01, 73.45, 73.01, 
71 15 70 72 70.32. 69.87. 69.64. 69.25, 67.93. 64.01, 62.29. 62.07. 61.63, 61.29, 52.79. 
, S2.7o'. 50.04. 38.45. 30.53. 29.17. 23.89. 23.23, 16.53; HRMS (FAB) cald. for 
C4^79N2033Nai [M-H+2Nar 1257.4360, found 1257.4337. 

Glycal hexasaccharide 6a. The thioethyl donor 5 (120 mg. 0.0938 mmol) andacceptor 4 
(122 mg. 0;W8 mmol) were combined, azeotioped -with anhydrous benzene (5x5 mL) and 
placed under high vacuum overnight. The mixture was dissloved in a 2:1 mixture of 
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Et20 CH2Cl2 (2.7 mL total), molecular sieves were added and the mixture stirred at rt 
for 1 h The reaction was cooled to O "C and 1.0 equiv. of MeOTf (0.020 tnL) was 
added After 4 hours at 0 =C another equivalent of MeOTf was added (0.020mL) and the 
reaction continued to stir for another 4 h at 10 =C. THe reaction was quenched w,th sohd 
NaHC03. filtered through celite with additional EtOAc (100ml) and concentrated. The 
resulting mixture was purified by flash column chromatography to give 50 mg (23%) of 
the hexasaccharide glycal 6 and 85 mg of starting acceptor, 4: 0.35 (66% 
EtOAc/hexanes); 1H NMR (500 MHz. C6D6) 5 8.31 (d. 2H),-7.62 (d, 2H), 7.52 (m. 
4H) 7 45 (d. 2H), 7.40-7.15 (m, 31H), 6.47 (d, IH, J=6.3 Hz), 6.28 (apparent s, IH), 6.09 
(d 1h J=3.8 Hz). 5.72 (m, IH). 5.55 (dd. IH, J=9.3. 1.2 Hz), 5.51 (d. IH. J=3.5 Hz), 
5 n (d IH, J=10.8 Hz). 5.15 (s, IH), 5.13-5.06 (m. 3H). 5.05 (d, IH, J=8.1 Hz). 5.02 (m, 
IH) 4 '98 (d. IH. 1=10.8 Hz). 4.85 (d, IH, J=10.6 Hz), 4.82 (d, IH. J=9.4 Hz), 4.73-4.66 
(m 8H), 4.55-4.34 (m, lOH). 4.38-4.32 (m, 5H), 4.30 (d, IH), 4.18 (s, 3H), 4.21-4.12 (m, 
6H) 4.06 (m, 2H), 3.99 (m, 4H), 3.85 (d. IH), 3.74 (dd, IH). 3.61 (m. 2H). 3.52 (t, IH), 
2 63 (dd, IH. J=13.9, 5.0). 2.48 (dd. IH. J=13.4 Hz). 2.35 (s. 3H), 2.01 (s, 3H), 1.98 (s. 
3H), 1.72 (s. 3H), 1.64 (s, 3H). 1.57 (d. 3H. J=6.3). 1.31-1.20 (m. 42H); NMR (100 
MHz CDCI3) 5 169.71, 169.39. 169.18, 168.70. 168.12. 166.99, 154.75. 143.47, 137.81, 
,37 71 137.51,137.42, 137.07, 131.65, 128.25, 127.52, 128.32, 127.26. 127.23. 127.19. 
127 10' 126.98. 126.91. 126.83. 126.73. 126.62. 126.53. 126.36, 126.29, 101.67, 101.35, 
98 69 98 32, 98.26, 97.33. 80.48, 78.05, 77.06, 76.20, 75.50. 74.64. 74.22, 73.87, 73.49, 
72 90' 72 38, 72.26. 71.93. 71.47, 71.20. 70.34. 70.17, 69.99, 69.13. 68.62, 68.10. 67.92. 
67 01' 66.88, 66.68. 65.52, 60.92, 60.61, 55.51, 52.59, 48.31, 34.87. 28.68, 22.19, 19.95. 
19.77. 19.68, 19.59. 16.93. 16.88, 15.79. 10.86. 10.78; HRMS (FAB) cald. for 
CmH,«N2O3,Si2SNa[M+Nar2382.0013.found 2382.0001. 

Imido-hexasaccharide 6b Performing the above reaction with 10 equiv. MeOTf added 
in one portion, under otherwise identical conditions yields 28% of the foUowmg 
compound, which is much less polar than the parent N-acetylated hexasacchartde 6a. R/ 
0.35 (25% EtOAcAiexanes); 1h NMR (500 MHz, C^Ds) 5 8.31 (d. 2H). 7.66 (d. 2H). 
7 53 (t. 4H), 7.48 (d, 2H). 7.42-7.16 (m, 31H), 6.46 (d, IH). 6.21 (app s, IH). 6.15 (d. IH. 
J=4 3 Hz) 5.81 (d, IH, J=9.2 Hz). 5.72 (dt, IH, J=12.8, 2.4 Hz), 5.40 (m, IH), 5.38 (d. 
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IH. J=3.5 Hz), 5.20 (d. IH, J=10.2 Hz), 5.12 (t, 2H), 5.00 (m. 3H), 4.84 (d, IH, J-6.2 
Hz). 4.81 (d, IH, J=4.5 Hz), 4.73 (m. 2H). 4.70 (m, 2H), 4.67 (d, IH, 1=2.6 Hz), 4.65 (m, 
IH)'. 4.59 (m, 3H), 4.53-4.46 (m, 6H), 4.40 (m. 5H). 4.36 (d, IH. J=3.1 Hz). 4.30 (d, IH. 
J=3.'4 Hz). 4.26 (m. 3H). 4.23 (app s, IH). 4.20 (m, 3H), 4.11 (m. 2H), 4.04 (d, IH, J=5.9 
Hz). 3.99 (s. 3H), 3.92 (d, IH. J=3.2 Hz), 3.87 (d. IH. J=2.9 Hz). 3.82 (d. IH. J=6.5 Hz). 
3.70 (m. IH). 3.64 (s, 3H), 3.60 (d. IH). 3.28 (t, IH), 2.94 (dd. IH, J=13.7, 4.5 Hz), 2.36 
(t, IH. J=13.3 Hz), 2.14 (s, 3H). 1.91 (s, 3H). 1.83 (s. 3H), 1.81 (s, 3H), 1.60 (s, 3H). 1.53 
(d, 3H, J=6.5 Hz), 1.32-1.23 (m, 42H); 13c NMR (100 MHz, CHCI3) 5 170.43, 169.30, 
169.20, 168.98, 168.03, 164.74, 155.82. 144.74. 139.09. 138.75. 138.52. 138.48. 138.40. 
138.39, 138.25. 138.17. 132.56, 129.22, 128.85. 128.39. 128.35, 128.30, 128.25, 128.01, 
127.79, 127.71, 127.60, 127.55. 127.50. 127.48. 127.34. 102.57. 102.24. 99.69, 99.11. 
98.25, 81.35, 79.09, 87.22. 75.64, 75.40, 74.90, 74.60, 74.15, 73.95, 73.50, 73.33, 72.94, 
72 84 72.52, 71.37, 71.17, 70.47, 70.17, 69.66, 69.05, 68.47, 68.11, 67.96, 67.71, 67.55. 
61 91' 61.54, 61.05, 57.70, 56.50, 53.65, 52.75, 31.94, 29.71, 21.70, 20.97, 20.89. 20.64. 
20.46. 20.44. 17.57. 16.81. 15.38. 14.13. 11.89. 11.80; LRMS (FAB) 
Ci25H,64N2037SSi2Na2373 [M+Naf. 

3) Conjugation studies: 

As described herein and as shown in Figure 6. the pentenyl group in FucGMl was 
converted to an aldehyde group by ozonolysis and linked to -NH2 groups of KLH by 
reductive amination method in the presence of sodium cyanoborohydiide as described for 
globe H (see. Ragupathi G, Park TK, Zhang S, Kim U. Graeber L. Adluri S. Lloyd KO, 
Danishefsky SJ and Livingston PO. Immunization of mice with conjugates of fuUy 
synthetic hexasaocharide globo H results in antibody against human cancer cells: a 
combined chemical immunological approach to the fashioning of an anticancer vaccine. 
Angcwandte Chem. Int. Ed Engl. 36: 125-128. 1997.). In the case of cross-linker method 
the aldehyde group obtained through ozonolysis was first reacted with hydrazide of 
MMCCH (4-(maleimidomethyl) cyclohexane-l-carboxyl hydrazide) and reacted with 
thiolated KLH as described in Ragupathi G. Koganty RR, Qiu D, Lloyd KO and 
Livingston PO. -A novel and efficient method for synthetic carbohydrate conjugate 
vaccine preparation: Synthesis of sialyl Tn-KLH conjugate using a 4-(4-N- 
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maleimidomethyl) cyclohexane-l-caiboxyl hydrazide (MMCCH) linker aim. 
Clycoconjugate J., IS: 217-221, 1998). For example, 4 mg of FucGMl pentenyl 
glycoside in methanol was stirred at -78°C in a dry-ice/ethanol bath and ozone gas was 
passed through the solution for 1 0 min under vigorous stirring. The excess of ozone was 
then displaced with nitrogen over a period of 5 min. Methyl sulfide (100 nl) was added 
and the reaction mixture stirred at room temperature for 2 hours and distributed equally in 
two vials. The solvent was removed under a stream of nitrogen, tlie resulting white 
solid was used directly in the subsequent conjugation steps. 

a) Direct Conjugation of FucGMI-aldehyde with KLH: 
Two mg FucGMl-aldehyde was dissolved in 1 ml of O.IM phosphate buffered 
saline (PBS) pH 7.2 and 4 rag of KLH in PBS. Two mg sodium cyanoborohydride was 
added and the mixture incubated under gentle agitation at iTC for 48 h. After 16 h, an 
additional 1.0 mg sodium cyanoborohydride was added and the incubation continued. 
The unreacted FucGMl aldehyde was removed completely with multiple washes using a 
20 Amicon Centriprep with molecular weight cut-off value 30000 dalton, with 6-7 changes 
ofPBSat4°C. 

b) Conjugation of FucGMl-aldehyde through MMCCH to thiolated KLH: 

Preparation of FucGMl-MMCCH 

25 Two mg of FucGMl-aldehyde was dissolved in 1 ml of O.IM sodium acetate 

buffer pH 5.5, and 4 mg of MMCCH in 100 nl of dimethyl sulfoxide (DMSO) was 
added. The reaction mixture was incubated at room temperature for 15 min with gentle 
stirring. At the end of 15 min 2 mg of solid sodium cyanoborohydride was added and the 
incubation continued at room temperature for 2 h. Unreacted MMCCH was removed in a 

30 Sephadex GIO column equilibrated previously with 0.1 M sodium phosphate buffer pH 
6.0 containing 5 mM EDTA and eluted with the same buffer. The fractions positive for 
FucGMl by TLC with orcinol were combined. 

Addition ofsulfhydryl groups to KLH 
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, . Mndnothiolane (2 mg) dissolved in thiolation buffe. (50 mM trietl^ol^e^ 
0 15 M NaCl. 5 EDTA. pH 8.0) was added to.4 mg of KLH and incubated w.th 
,Uningatn>omten>peraturefor2h.Unxeacted2-inuno,hiolanewas^^^^^^^^^^^ 
Sephadex GIS column equilibrated previously with 0.1 M sodium phosphate buffer 

ToLngS jEDTAandelutedwi*^ fractions pos«.ve for 

, SHwithBioR:dproteinassayd.ereagentwereco.bined.Asn.aI.port.onw. 

r^^timate sulfhydry, groups in the thiolated KLH using E reagents and cyste. 
iraardasdlscHbed earlier C.ddlesPW.Blac.eley^.Ze.erB^ 
55.dithiobis(2.nitrobenzoicacid).-aree—ation,^«a/B.oc;,e« 94. 75-81,1^^^^^ 
; TheKLHw^esti.atedbyadyen.ethodusingBioK.ddyereagentaccord.gtothe 

15 manufacture's instructions. 

ConiugationofFucGMl-MMCCH to thiolated KLH 

\. FucGMl-MMCCH product and thiolated KLH were mixed and adjusted to 
pH 72 with 0.1M sodium phosphate buffer pH 8.0. The reaction — 
,0 Lclld at room temperature ovemi^t. Xbe content of ----N^CC™ 
.action vial was transferred to a Centriprep concentrator 30 (« molecu ar cu^o 
reacuon 1 ^w, Ax^rrH was removed completely with multiple 

30000 Dalton) and umeacted FucGMl-MMCCH was remo 

washes.. THe conjugate was cheCed by HPTLC for the absence o^-^^™ ^ 
mentioned above. The epitope ratios of two batches of conjugate ^^^^ ^^^2Z 
as estimating protein content by BioRad dye binding protein assay and -bohy^^^ by 
TaEcIL assay. The epitope ratio of FucGMl-KLH (by direct method) and 
FucGMl-MMCCH-KLH was 149/1 and 1527/1 respectively. 

B. Example!: Synthesis of Globo-H and conjugates thereof: 

30 I) Discussion of Synthesis: 

L yet another embodiment of the present invention, an improved synthesis o 
Globo-H is provided utilizing the novel synthetic methodology as presented erem^ The 
,..ous synthesis of globo-H desCbed by .e ^^j^^^::,^ 
Chem:Soc. 1996. iiSriHSS; Bilodeau «a/: X/lm. Chem..Spc.S995, 

3S 1j. or, Chen,. 1995. 60, 7716) utilized all glycal building blocics (Damshefsky e. al. 
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Angeyy. Chem. 1996, 108, 1482; ^«gew. Chem. Int. Ed. Engl. 1996, 55, 1380) for the 
rapid construction this complex oUgosaccharide. These investigations relied on a highly 
convergent [3+3] coupling to generate the hexasaccharide core contained in the final 
target. In this approach, a flexible terminal glycal was mamtained throughout the 
hexasaccharide construction. The glycal was then used to instaU the ceramide side chain 
present en route to globo-H glycolipid 16a or its aUyl glycoside 16b. Tlie syntiiesis of 
16a served to facilitate the proof of structure and inununocharacterization of globo-H. 
The allyl glycoside 16b was employed for immunoconjugation to biocarrier proteins. 
The previous protocols were effective in producing adequate quantities of syntiietic 
material for proof of structure, immunocharacterization, conjugation, mouse vaccinations 
and phase I human clinical trials. However, improved synthetic methodologies were 
desired to allow for efficient bioconjugation and also to provide suitable material for 
clinical purposes. 

Difficulties associated with the allyl glycoside approach invited an alternative 
solution which, in general terms, is described herein, and is more specifically described 
for fiicosyl GMl above, and additionally for Globo-H below (Figure 7). Thus, it was 
conceived that a hexasaccharide could be constructed containing a glycoside that would 
enable linkage to carrier protein, already in place (see Figure 8). Indeed this group would 
already have been incorporated at the reducing end of the acceptor in the [3+3] coupling 
step. For successful implementation of tiiis significant new variation of the globo-H 
synthesis (and other complex tumor associated antigens), it would be preferable that 1) 
the trisaccharide acceptor containing tiie glycoside construct would be readily 
syndiesizable; 2) the glycoside construct would be compatible with the [3+3] coupling; 3) 
tiie construct, in contrast to the allyl glycoside, would survive global deprotection; and 4) 
efficient conjugation would be implementable. 

An initial retrosyntiietic analysis is shown in Figure 9. For maximum 
convergency, the ABC acceptor was envisioned containing tiie aforediscussed pentenyl 
glycosidic linker. Additionally, the same DEF trisaccharide donor sector would be 
utilized as described previously. The hexasaccharide core would then be assembled via a 
convergent [3+3] ABC+DEF coupling reaction using a sulfonamido..,glycosidation 
protocol (Griffith et al. J. Am. Chen,. Soc. 1990, 112. 5811; Griffith et al. J. Am. Chem. 
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5 Soc 1991, 1 13, 5863). Previous results had indicated that the presence of a free hydroxyl 
at C4 of &e tJducing end galactose (Figure 9. see asterisk) in the DEF donor would be 
necessary to direct the formation of the required p-linkage in the sulfonamido 
glycosidation(Parkefa/. Chem. Soc. 1996,118, 11488; Kwon a/. J. ^m. Chem. 
Soc. 1998. 120, 1588). The sequencing of the [3+3] coupling was expected to take place 

,0 as shown 'owing to the higher reactivity of the equatorial C3 hydroxyl group (see bold) in 
the acceptor as compared to the necessary axial C4 hydroxyl group in the donor 
trisaccharide. Important to the strategy described herein is that, once the hexasacchande 
is assembled, only protecting group manipulations would be required to reach the pro- 
vaccine antigen, 

15 In general, the synthesis of the DEF trisaccharide sector is fairly concise, 

requiring six transformations starting from 6-0-TIPS galactal and tri-O-benzyl fluoro 
fucose (Park et al. J. Am. Chem. Soc. 1996. J18, 11488; Bilodeau et al. J. Am. Chem. 
Soc 1995. 117, 7840; Kim et al. J. Org. Chem. 1995. 60, 7716). For purposes of a 
second-generation approach, the acceptor trisaccharide component can be dissected into a 

20 lactose derivative containing the desired OTG bearing a differentiated hydroxyl at C4' 
and an appropriate Cring donor (Figure 9). The galactose donor monosaccharide also 
requires differential protection at C3, for eventual ABC+DEF coupling, and needs careful 
attention to efficiently allow for the required p-glycosidic linkage joining the AB+C 
domains, 

25 As Shown in Figure 10. the synthesis of the requisite ABC acceptor was 

conducted taking advantage of readily available lactose octaacetate, 17. Conversion of 
17 to the known a-bromo donor 18 (Reithal, Y. J. Am. Chem. Soc. 1952, 74, 4210; 
Dasgupet et al Carbohydr. Res. 1994, 264, 155) was followed by silver carbonate 
mediated glycosylation with pentenyl alcohol as acceptor, to give 19 (Pent - 

30 CHjCHjCH.CH=CH2) in 75% yield on a 100 g scale (Rodriguez et al Aust. J. Chem. 
1990, 43, 665). Similar processing of 18 with silver triflate as promoter resulted in 17% 
yield' of the desired product. Thus, with the fonnation of 19. in an early stage of the 
synthesis, the linker was successfully installed to be used for late stage bioconjugation. 

Subsequent steps were designed to generate a free acceptor site at G4^ of 19 for.^ 

35 eventual AB + C coupling give the ABC trisaccharide (Figure 10). Removal of the ester 
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Lobenzylation to selectively give the CV benzylether (Da.d ^ . . C - 
Per^n Trans. 1 19S1. 1797; M— er C.^.M^- i^^^- B6. '^^'J^^^L 
second step, the 04^ and C6' hydroxy, .ere engaged as a .enzyUdene acet^ t p.v,de 
oon^pour^d 20 as the only observable product (laru^son e, al. J. Or,. ^J^^^' 
, 5629 Koeman ei al. TetraUaror. 1993. 49, 5291; Qiu a/. Ann. 1992 2 7). 

P^l'^rben^lation of the regaining hydroxyl .oups in.20 
educelavageofthebenzylidene with sodiu^cy—ydride and ^^^^ 

te the C4. alcohol 21 (Gareg. P.. Ar,l. Ce. 19S4, 5.. 845). T^.. s^ 
L lactose octaacetate 17. the AB pentenyl glycoside acceptor 21 was obt^ed . 7 

I c c+PTi<i and in 20% overall yield. 

large .quantities of the protected penteny, glycoside 21 available, attention 
_ ^ed to the AB^ coupling to fo.n the trisaccharide acceptor -"^^ P^^^ 
synthesis of glycal 27 (Figure 10) required carclUl preparation of the htghly acUvated - 
Toro donor 23 .on. glycal 22. The C3 PMB ether contained in 22 was strategical y 
.0 incorporated to allow for eventual ABCDEP coupling upon selectee de^o.c.on 
.his^oup. In the co.se of this work, it was discovered that a.23 could be forced 
convlently in high yield .d on large scale. Accordingly, a-donor 23 was prep^ 
.0. differentially protected glycal 22 by epoxidation. exposure to ^^^^ 
.s nuoro-hydrin derivative and subsequent conv^ion of the resulung C2.hy^o^ 
to its benzyl ether. The ano.eric a-.p selectivity was demonstrated to be 10:1 and the 
overall yield in transforming 22 into 23 was 76%. _ 
The effectiveness of the AB+C coupling using previously prepared p-23 and 
newly prepared «-23 with the AB acceptor 21 was then investigated. V.. synthetic 
IZL Of .ycal .sacchaHde 27 as a model case (see ^^^^->-l-2 
30 eLnined because of its presumed sensitivity to overly demandmg couphng promoters, 
riese investigations it was discovered that the reduced reactivity of a-fluoro donors 

: be attenld by conduct .e couplings ^^^^^ 
.^diciously Chosen solvents, as —edi„Tablel.Theprevrou.couplmgpr.^^ 

U predominantly p-Ouoro donor 23 and glyc. 26 f cal " 

35 employed Muykiyama coupling conditions (Mukaiyama « CHe.. Uu. 1981. 431, 
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Nicolaou et al. J. Am. Chem. Soc. 1990, 112, 3693;Nicolaou et al. J. Chem. Soc. Chem. 
Commun. 1991. 870) and proceeded in 54% yield with modest anomeric selectivity (entry 
1, Table 1). Investigations using other promoters with a-23 are shown in entries 2 and 3, 
but produced little satisfaction in terms of overall efficiency. However, the preparation 
of glycal 27 was suocessfiilly extended to include the described a-donor 23 using 
strongly fluorophilic Cp2Zr(OTf)2 promotion (73% yield, entry 4). Gratifyingly. these 
optimized glycosidalion conditions for formation of 27 were successfully applied to the 
AB+C coupling employing pentenyl glycoside 21 to provide itisaccharide 24 in yields 
that rivaled the parent reaction (80% yield, entry 6). Muykiyama coupling of [3-23 with 
21 yielded 42% of trisaccharide 24 (entry 5). Satisfied with the events leading to smooth 
formation of large quantities of 24, the [3+3] coupling would be investigated. The 
discharge of the lone PMB group in 24 could be effected in excellent yield (92%). tiius 
completing tiie assembly of the desired ABC pentenyl acceptor 25. 





Acceptor 
AB 


Donor 
C 


Promoter, Solvent 


a:p 
selectivity 


Yield, 
Product 


1 


26' 


23 (P)' 


SnCl2. AgC104, 
EtiO 


3:1 


54% (a). 18% (P) 
27 


2 


26 


23(10a:ip) 


Sn(0Tf)2 
Toluene:THF(3:l) 


8:1 


40% (a), 5% (P) 
27 


3 


26 


23 (10a:ip) 


CpjZrCIj, AgC104, 
CHjCljiEtjO 


2.7:1 


55% (a) 
27 


4 


26 


23 (10a:iP) 


Cp2Zr(OTf)2, 
Toluene :THF (10:1) 


10:1 


72% (a), 8%(P) 
27 


5 


21 


23 (P) 


SnCl2, AgCl04, 
EtjO 


3:1 


42% (a) 
24 


6 


21 


23(10a:lp) 


Cp2Zr(OTf)2. 
Toluene:THF(5:l) 


10:1 


80% (a). 8% CP) 
24 



Table I. Coupling cmditions used to generate the ABC msacchande. 
(a- see Park et aL J. Am. Chem. Soc. 1996, U8, 1 1488; Bilodeau ei ol.J. Am. Chem. Soc. 1995, 
117, 7840; Kim et al. J. Org. Chem 1995, 60, 7716). 

The key step and fmal transformations completing the synthesis of 16c are shown 
inFigurell. Treatment oftiie known DEF donor 28 (see Figure 10) witiiMeOTf (LSnn, 
H. Carbohydr. Res. 1985, 134, 105; Lonn, H. J. Carbohydr. Chem. 1987, 6, 301) In flte 
presence of acceptor 25 smootiJy provided hexasaccharide 29 in 60% yield. The 
configuration of the new anomeric center of 29 was confmned to be p-configured. The 
[3+3] coupling yield using trisaccharide acceptor 25 was comparable to the [3+3] 
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procedure using the glycal-based acceptor corresponding to 27. The tremendous 
advantage of using 15. however, is manifested in the steps which follow. 

Global deprotection began with subjection of 29 to TBAF in order to remove the 
silyl ethers and the cyclic carbonate. The benzyl and sulfonamide protecting groups on 
the resultmg penta-ol were then cleaved under the action of dissolving metal reduction, 
■ras protocol was followed by peracetylation to give the isolable hexasacchande 
peracetate 30. As in earUer steps, the pentenyl linkage proved highly reliable under the 
listed deprotection conditions. It is again notable by contrast that the corresponding allyl 
glycoside (to ultimately yield 16b) is not stable to the reducing metal conditions required 
for global deprotection and therefore must be installed subsequent to deprotecUon. 
Deacetylation of 30 wiQi methoxide yielded the fully deprotected pentenyl glycoside of 
gl6bo-H. 16c, notably poised for bioconjugation. ImportarUly. in the second generation 
variation, progress toward ISdfrom hexasaccharide construct 29 w« greatly simplified 
because the need for additional fimctionalizcition to allow for conjugation is eliminated. 

Toward the goal of faciUtating clinical evaluation of synthetic globo-H, 16c has 
been conjugated to carrier protein KLH for purposes of creating a Actional vaccine. 
The first step of this procedure involved ozonolysis of the pendant olefin, followed by 
reductive work-up, to give the uncharacterized aldehyde intermediate 31, as shown m 
Figure 12. Reductive amination with KLH and sodium cyanoborohydride in phosphate 
buffer yielded vaccine glycoconjugate 16d (n = 3). Covalent attachment of the 
carbohydrate to the proteins presumably occurs through the e-amino groups on exposed 
lysine residues in KLH. Hydrolytic carbohydrate analysis of 16d revealed approximately 
350 carbohydrate residues per molecule of carrier protem. 

2) Experimentals: 

Peracetyl pentenyl-P-D-lactoside (19). To a cooled (ice bath) suspension of 
lactose octaacetate (100.0 g, 147.7 mmol). glacial acetic acid (30 mL) and acetic 
anhydride (30 mL) was added 100 mL of 30% HBr in AcOH dropwise over a period of 
60 minutes. The reaction mixture stirred for 1 hour and the ice bath was removed. Upon 
stirring for an additional 2 hours at room temperature, the mixture became a 
; homogeneous yellow solution. The solution was diluted with H,0 (1000 mL) and 
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extracted with CHCI3 (3x400 mL). TTie organic extracts were washed with H^O (2x1000 
mL), satd. NaHCOs (3x500 mL), dried over MgSO* and concentrated. The product was 
azeo'troped with anhydrous benzene and dried under high vacuum to yield 98.8 g (96%) 
of the lactosyl bromide which was used without further purification. 
To a suspension of Ag^COj (100 g. 362.6 mmol), freshly activated molecular sieves (15 
g) and a crystal of I2 in 400 mL CftCl. was added pentenyl alcohol (5.0 cquiv.. 73.4 mL) 
and then the lactosyl bromide (98.8 g, 141.4 mmol) in 400 mL of CH^Ch. After stirring 
in the dark at room temperature for 16 hours, the reaction was filtered through a plug of 
Celite with additional CH.Cl, and concentrated to a yellow oil which was purified by 
flash column chromatography (10% EtOAc/hexanes^50% EtOAc/hexanes) to yield 74.7 
g (75%) of the pentenyl lactoside as a white foam, [a]^'' -48.9° (c 7.5. CHCb); IR (film 
CHCI3) 2941. 1751, 1369. 1224, 1054 cm"'; 'H NMR (CDCI3, 400 MHz) 5 5.60 (m, 
IH) 5 17 (d, IH. J=2.7 Hz). 5.02 (m, IH). 4.93 (dd. IH, J=7.9, 10.3 Hz), 4.85 (d. IH, 
J=l 6 Hz) 4.78 (m. 2H). 4.71 (dd. IH, J=9.6. 7:9 Hz), 4.30 (m, 3H). 3.93 (m, 3H). 3.66 
(m 3H), 3.45 (m. IH). 3.30 (m, IH), 1.98 (s. 3H), 1.94 (s, 3H), 1.91 (m, 2H), 1.89 (s, 
3H), 1.88 (s, 6H, 2XCH3), 1.87 (s. 3H), 1.79 (s, 3H), 1.49 (m. 2H); "C NMR (CDCl,. 

100 MHz) 8 170.33. 170.28, 170.09, 170.00. 169.74, 69.54, 169.01, 137.72. 115.00. 

101 01, 100.51, 76.27, 72.76. 72.48, 71.64, 70.94, 70.58, 69.23, 69.01, 66.52, 61.97. 
60.73. 29.75, 28.49. 20.80, 20.75, 20.64. 20.57, 20.45. FAB-HRMS calc'd for 
C3,H4»Oi8Na*; 727.2425. Found; 727.2418. 

Pent-4-enyl 3'-<?-benzyl-4', 6'-0-benzyUdenyl-P-D-lactoslde (20). Peracetylated 
pentenyl lactoside, 8. (18.2 g, 25.8 mmol) was dissolved in 300 mL of anhydrous MeOH 
and 2.0 mL of NaOMe (25% in MeOH) was added. The reaction stined at rt for 16 hours 
and was neutralized with Dowex-H^ (pH 5-6). The reaction was filtered with additional 
MeOH and concentrated to a white solid, 19a, (10.6 g. quantitative) which was used 
without firther purification: 'H NMR (DjO, 400 MHz) 5 5.81 (m, IH), 5.00 (dd, IH, 
J=17.3, 1.9 Hz). 4.92 (dd, IH, J=8.9 Hz), 4.74 (m, IH), 4.39 (d, IH, J=8.0 Hz),^4.35 (d, 
IH. J=7.8 Hz), 3.72-3.42 (m, 12H), 3.21 (m. IHO, 2.06 (m, 2H), 1.63 (m, 2H); "C NMR 
(D,0, 100 MHz) 5 141.27. 117.31, 105.42. 104.54. 80.85, 77.84, 77.24, 76.92. 75.33, 
75.00, 73.44, 72.47, 71.03, 63.52, 62.56, 31.83, 30.48. 
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5 The hepta-ol 19a (1.14 g, 2.8 nunol) and dibutyltin oxide (0.76 g. 3.1 mmol) we heated 
at reflux in benzene (70 mL) with azeotropic water jemoval for 1 5 h. Tlie mixture was 
doubled in concentration, cooled to room temperature, and benzyl bromide (0.69 ml. 5.8 
mmol) and BU4NI (1.03.g, 2.8 mmol) were added. The mixmre was heated at reflux 3.5 
h cooled, silica gel was added to the flask, and the solvent was evaporated. The residue 
,0 was applied to a column of silica gel, tin by-products were removed by flushing with 
hexanes, and elution (5 % MeOH in CH.Ch) gave the pure 3'-0-benzyl ether (0.76 g, 54 
0/,) as a white foam: [a].° +36.7» (c 2.73, CHCI3); IR (fito CHCl,) 3371, 2924. 2880, 
1372 1157, 1074 cm-'; 'H NMR (MeOH-rf4, 400 MHz) 8 7.46-7.40 (m, 2H), 7.35-7.20 
(m 3H), 5.92-5.72 (m. IH). 5.08^4.93 (m. 2H), 4.76 (d. IH, J=11.8 Hz), 4.65 (d, IH. 
,5 J=;i.8 Hz), 4.38 (d. IH. J=7.8 Hz), 4.28 (d, IH. J=7.8 Hz). 4.02 (d. IH. J=2.9 Hz), 3.95- 
3 63 (m 6H). 3.61-3.48 (m, 4H), 3.43-3.20 (m, 3H). 2.20-2.10 (m, 2H). 1.78-1.65 (m. 
2H)- »C NMR (MeOH-</4, 100 MHz) 5 139.77. 139.47. 129.29. 129.08, 128.64, 115.19, 
105!o2, 104.23. 82.17, 80.74, 76.88. 76.40. 76.35. 74.71, 72.55. 71.81, 70.23, 67.02, 
62.44. 61.91, 31.22. 30.07. FAB-HRMS calc'd for C24H360„Na*; 523.2155. Found; 
20 523.2137. 

The 3'-0-benzyl ether (0.6 g. 1.20 mmol) was dissolved in acetonitrile and DMF (5:2. 
mL) and benzaldehyde dimethylacetal (0.47 mL. 3.1 mmol) and CSA (14mg, 60 nmol) 
were added. After stirring 16 h at room temperature, the mixture was diluted with 
CH2CI2 and washed with sat. NaHC03. The organic extracts were dried (MgSO*), 
25 evaporated, and following addition of ether (100 mL) to the resulting residue, the pure 20 
was recovered by filtration (0.51 g. 72 %): [a}n° (c 2.21, MeOH); IR (CHCh 
film) 3440. 2872. 1368. 1163. 1109, 1048, 1005 cm"'; 'H NMR (MeOH-i,, 400 MHz) 
8 7.55-7.1 1 (m, lOH), 5.82-5.69 (m. IH). 5.45 (s, IH). 4.98-4.83 (m. 2H), 4.64 (d, 2H, 

J=3 0 Hz). 4.40 (d. IH. J=7.9 Hz), 4.23 (d, IH, J=3.4 Hz). 4.18 (d, IH, J=7.8 Hz). 4.15- 
30 3.98 (m, 2H). 3.87-3.66 (m. 4H), 3.55-3.10 (m. 7H). 2.20-2.10 (m, 2H), 1.65-1.53 (m, 

2H); »C NMR (MeOH-rf.. 100 MHz) 8 139.76. 139.49. 139.47. 129.86. 129.30, 129.07. 

129 03 128 72 127.35, 115.19. 104.69. 104.28. 102.03. 80.63, 80.17. 76.37. 76.28. 

74.77. 74.73, 72.84. 70.86. 70.25, 68.17, 61.70, 31.22, 30.07. FAB-HRMS calc'd for 

C3,H4oOuNa*; 611.2468. Found; 611.2465. 
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5 Pent-4-enyl 2, 2', 3, 3', 6, 6'-liexa-0-benzyl-P-D-lactoside (21). The tetraol 20 (0.51 g. 
0.87 mmol) and EUNl (0.12 g, 0.43 mmol) were dried (azeotropic distillation with 
benzene), dissolved in DMF (5 mL) and cooled to CC. Benzyl bromide (0.83 mL, 7.0 
mmol) was added followed by NaH (0.22 g, 60 %, 5.6 mmol) and the mixture was 
aUowed to warm to room temperature over 14 h. The mixture was diluted with ethyl 
,0 acetate, washed with water, the organic layer was dried (MgSO.) and evaporated. 
Purifiction of the residue by chromatography on silica gel (4:1-»2:1 heMnes:ethyl 
acetate) gave pure pentabenzyl lactoside as a white foam (0.80 g, 97 %): [a]22° +129° (c 
1.63, CHCh); IR (CHCb film) 3030, 2866, 1453, 1365, 1096, 1063. 1028, 911 cm"'; 'H 
NMR (CDCI3, 400 MHz) 5 7.50-7.05 (m, 30H). 5.80-5.65 (m, IH), 5.38 (s, IH), 5.10 (d, 
U IH J=10.6 Hz). 4.99-4.60 (m, 9H), 4.47 (d, IH, J=12.1 Hz). 4.38 (d, IH, J=7.8 Hz). 4.30 
(d IH, J=7.8 Hz). 4.25 (d, IH. J=12.1 Hz). 4.12 (d, IH. J=13 Hz), 3.94 (d, IH, J=3.4 
Hz) 3.92-3.60 (m, 6H). 3.54 (dd, IH, J=8.8 Hz, 9.2 Hz). 3.46 (dd. IH. J=2.6 Hz. 7.0 Hz). 
3.40-3.23 (m, 3H). 2.85 (s. IH). 2.22-2.00 (m. 2H). 1.75-1.60 (m, 2H); NMR(CDC1„ 
100 MHz) 8 138.92, 138.63, 138.51, 138.04, 128.80, 128.52, 128.31, 128,24, 128.17, 
20 128.13, 128.06. 128.03, 128.00, 127.69, 127.65, 127.54, 127.49, 127.38. 127.30. 126.52. 
114 84 103.59. 102.83. 101.30. 83.01, 81.81. 79.60, 78.76. 77.65. 75.73. 75.22. 75.05, 
74.97, 73.61, 72.91, 71.56, 69.27, 68.90, 68.27, 66.28. 30.18. 28.89. FAB-HRMS calc'd 
forC59H640„Na*; 971.4346. Found; 971.4375. 

The benzyUdene (0.63 g, 0.66 mmol) was dissolved in THF (6.6 mL) and stirred with 
25 freshly activated 4AMS (0.25 g) 10 min at room temperature. In one portion NaCNBH, 
(0.21 g, 3.3 mmol) was added followed by anhydrous HCl (2.0 M Et^O), dropwise until 
the mirture no longer bubbled (approx. 2 mL). After stirring and additional 10 min, the 
mixture was passed through a plug of Celite washing with ethyl acetate, the filtrate was 
washed with sat. NaHCOj and brine, dried (MgSO,) and the organic layers evaporated. 
30 Purification by colmnn chromatography (9:1 hexanes-.ethyl acetate) gave pure 21 as white 
soUd (0.49 g, 79 %): Wn" +200" (c 1.05. CHCI3); IR (CHCl, fihn) 3474, 3062. 3029, 
2869, 1453, 1364, 1094, 1028 cm''; 'H NMR (CDCI3, 400 MHz) 8 7.40-7.06 (m. 30H). 
5.80-5.66 (m, IH), 5.02-4.85 (m. 3H). 4.81 (d, IH, J=l 1.0 Hz). 4.75-4.54 (m, 6H). 4.67 
(d, IH, J=12.2 Hz). 4.42-4.26 (m, 5H). 3.94 (s. IH), 3.92-3.81 (m. 2H), 3.71 (dd, IH, 
35 J=10.7 Hz, 4.1 Hz), 3.64 (d. IH, J=10.6 Hz), 3.57 (dd, IH. J=9.4 Hz, 5.5 Hz), 3.55-3.42 
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5 (m, 3H). 3.38 (dd, IH. J=5.2 Hz. 9.6 Hz). 3.36-3.21 (m, 4H). 2.32 (s, IH), 2.15-2.02 (m, 
2H), 1.74-1.60 (m. 2H); '^C NMR (CDCI3. 100 MHz) 5 139.04. 138.54. 138.52, 138.23. 
138!o9. 137.96. 137.81. 128.33. 128.15. 127.93, 127.66. 127.50. 114.80. 103.50. 102.43. 
82.79, 81.68, 80.99. 79.27, 76.52. 75.22, 75.10, 74.99, 74.83. 73.37. 72.99. 72.67. 71.86, 
69.1o', 68.32, 68.16, 66.00. 30.11. 28.83. FAB-HRMS calc'd for CssHssOuNa*; 
10 973.4503. Found; 973.4513. 

a-Fluoro donor (23). A solution of 3-0-PMB-4,6-Di-0-benzyl-galactal (2.24 g. 5.02 
mmol) in dry CHjCh (5 ml) under N2 at 0=C was treated with dimethyldioxirane (0.1 1 
M, 47 ml), and the mixture was stirred until all of the glycal was consumed (~ Ih, TLC 
30% EtOAc in hexane) Note: Elevated temperature and/or excess ofDMDO will prompt 
15 oxidation of the PMB group and lower reaction yield. The solvents were evaporated 
uiider vacuum at 0°C and the residue was kept under high vacuum. The flask containing 
galactal epoxide was charged with freshly prepared 4 A molecular sieves (2 g), dry THF 
(50 ml) and cooled to O'C. HF/Pyr complex (0.79 ml, ~5 equiv.) was added dropwise via 
syringe. Tlie reaction mixture was left overnight to slowly reach room temperature and 
20 quenched with EtjN (1.27 g, ~ 2.5 equiv.) to reach pH ~ 7. The mixture was filtered 
through a pad of anhydrous MgSO* and rinsed three times with 50 ml of EtOAc. The 
filtrate was washed with water (50 ml) and saturated NaHCOj solution (50 ml), dried 
over MgS04 and concentrated to dryness. Flash column chromatography 
(EtOAc/hexanes, 2/1) gave 2.06 g (85% yield) of fluorohydrin as a mixture of anomers 
25 a-.p = 10 : 1. "F NMR (CDCI3, 376 MHz, C^e as external standard) 5 9.7 (dd, a, J = 
54.4. 25.0 Hz) 20.0 (dd. P. J. = 53.9, 13.1 Hz); 'H NMR (CDCb. 400 MHz) 
5 7.38 - 7.24 (m, 12H). 6.90 (d. 2H. J = 8.7 Hz). 5.70 (dd. IH. I = 54.4, 2.8 Hz), 4.89 and 
4.57 (two d, 2H. J = 1 1 .3 Hz), 4.70 and 4.54 (AB q, 2H, J = 1 1.2 Hz), 4.54 and 4.46 (AB 
q, 2H. J = 1 1.8 Hz). 4.17 (AMX octet. IH. J = 2.8. 10.1. 25.0 Hz). 4.13 (br t, IH, J = 6.8 
30 Hz), 4.06 (d. IH, J = 1.5 Hz). 3.81 (s. 3H). 3.74 (dd, IH, J = 2.6. 10.1 Hz), 3.60 (m. 2H). 
■IHe above mixture (8.29 g, 17.2 mmol) was dissolved m dry DMF (100 ml) containing 
freshly prepared 4 A molecular sieves (3 g) under at 0°C, treated with benzyl bromide 
(4.41 g. -25.8 mmol, 1.5 equiv.) and finally with NaH (1.24 g, 60% dispersion in oil, 
30.86 mmol, 1.8 equiv.). and stined overnight at room temperature. The reaction was 
35 quenched with glacial acetic acid (0.93 g. 0.9 equiv.) and the mixture filtered through a 
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pad of anhydrous MgSO. with EtOAc (4x50 ml). The organic solution was washed wxth 
water (4 x 50 ml), dried (MgSO,) and concentrated w vacuo. Flash column 
chromatography of the residue (hexane/EtOAc. 4/1) gave 9.36 g (95%) of the title 
compound as colorless liquid with the same ratio of anomers a -.p = 10 : 1 as the starting 
fluorohydrin. "f NMR (CDCI3 . 376 MHz, C^Fe as external standard) 5 11.5 (dd, a, J = 
53.7, 25.2 Hz), 22.8 (dd, p, J = 53.4, 13.0 Hz). For analytical purpose 50 mg of pure 
a aJomer was obtained using preparative HPLC. [a],.° - 54.5° (c 0.55. CHCI3 ); 'H 
NMR (CDCI3, 500 MHz), 6 7.38-7.24 (m, 17H), 6.88 (d, 2H. J=8.6 Hz), 5.58 (dd, IH, 
J=53 7 2 7 Hz), 4.93 (d. 2H, J=l 1 .34 Hz), 4.56 (d, 2H, J=l 1 .34 Hz), 4.85 (AB q. 2H, J = 

11 78 Hz), 4.72 (AB q, 2H. J = 11.78 Hz), 4.73 (AB q, 2H. J = 11.3 Hz), 4.68 (AB q,.2H, 
J = 11.3 Hz), 4.47 (AB q, 2H, J = 11.84 Hz), 4.41 (AB q, 2H, J = 11.84 Hz), 4.09 (br t, 

IH J = 6 5 Hz), 4.02 (AMX m, IH, J = 2.7. 10.05, 25.2 Hz), 3.98 (app s, IH), 3.92 (dd, 

IH J = X64, 10.05 Hz). 3.81 (s. 3H). 3.54 and 3.52 (ABX m. 2H, J=9.3, 6.05, 7.0 Hz); 

.3c' NMR (CDCI3. 125MHz) 

6 159.20, 138.35, 138.08. 137.71, 130.43, 129.18, 128.39. 128.25, 128.14, 127.92, 127.8, 
127.78, 127.66, 113.81, 106.25 (d, J = 229.0 Hz ), 78.09, 75.65 ( d, J = 23.5 Hz ), 74,79 

(ArCH.), 74.29. 73.70 (A1CH2). 73.45 (ArCHj), 72.71 (ArCHj), 71.70 ( d, J = 2.7 Hz ) 

68.26, 55.24 (CHjO); MS (NH3) 586 ([M + NH4]*). 

PMB trisaccharide (24). A mixture of lactoside (21) (402 mg. 0.423 mmol) and fluoro 
donor (23) (485 mg. 0.846 mmol. 2 equiv.) was azeotroped with anhydrous benzene 
(3x10 ml) and further dried on high vacuum for 3 h. The above mixtare was dissolved m 
toluene (3.8 ml) and transferred via cannula to a flask containing freshly prepared 4 A 
molecular sieves (0.68 g) under N,, treated with 2.6-di-tert-butylpyridhxe (143 (.1) and 
cooled to -20 °C. (Cp),Zr(OTf). (225 mg. 0.381 mmol. 0.9 equiv.) was suspended in 
THF (0.38 ml) and added via a cannula to the reaction mixture. -The reaction was stirred 
for 72 h at 7 °C in darkness. The reaction mixture was diluted with EtOAc (10 ml) and 
filtered through a pad of anhydrous MgSO^ with EtOAc (3x lOmL). The filtrate 
. was washed with satd. NaHCO, solution (2 x 10 ml), dried over MgSO*. and 
concentrated to.dryness. Flash column chromatography (2% Et,0/CH,Ch) gave 509 mg 
(80%) of desired a-product (24) and 51 mg (8%) of p-product. [a]^" +24.6= (c 3.90,. 
i CHCI3); IR (CHCI3 film) 3062. 3029. 2919, 2868, 1612, 1513. 1496, 1364, 1303, 1248, 
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5 1028 cm-'; 'H NMR (CDCU. 400 MHz) 5 7.40-6.95 (m. 49 H). 6.69 (d, IH, J=8.5 Hz). 
5.73 (m. IH). 5.00-4.93 (m, 2H), 4.92-4.84 (m, 2H), 4.82-4.73 (m, 2H), 4.72-4.63 (m, 
5H), 4.61 (d, IH, J=13.0 Hz). 4.48-4.35 (m, 5H), 4.34-4.24 (m. 4H). 4.16 (d, 2H. J=6.8 
Hz)! 4.07 (dd. IH, J=8.8 Hz). 4.02-3.80 (m, 8H). 3.78-3.60 (m. 3H). 3.68 (s, 3H), 3.60- 
3.35 (m. 6H), 3.35-3.18 (m, 4H), 3.12-3.04 (m, IH). 2.06 (m, 2H). 1.65 (m, 2H); ''C 

10 NMR (CDCh, 100 MHz) 5 158.76. 139.66. 139.45. 139.26. 139.16. 139.09, 138.92, 
138.57. 138.52. 131.39. 129.30, 128.95, 128.70, 128.60, 129.30, 128.08. 127.95, 115.3.5, 
114.02. 104.05, 103.35. 101.25. 83.14, 82.17, 79.91, 79.71, 77.77. 77.04. 75.69. 75.58. 
75.46. 75.33. 74.17, 73.75, 73.54, 73.48. 72.65. 72.54. 69.91. 69.71. 68.80. 68.53, 68.19, 
55.1 1', 30.14. 28.86; FAB-HRMS calc'd for C,4H,o20nNa*; 1525.7014. Found; 

15 1525.6996. 

Trisaccharide acceptor (25). A solution of PMB Irisaccharide (24) (445 mg. 0.296 
mmol) in methylene chloride (10 ml) at 0 °C was treated with phosphate buffer (1.5 ml, 
pH = 7.4) and DDQ (89 mg, 1.3 equiv.) and stinred at 0 'C for 5 h. Th, reaction mixture 
was diluted with EtOAc (50 mi), washed with satd. NaHCOa solution (2 x 20 ml) and 
20 water (20 ml), dried over MgSO,, and concentrated to dryness. TTie crude material was 
purified by flash column chromatography (4% ether in methylene chloride) to give 344 
mg (84%) of deprotected trisaccharide (25) as a colorless oil. [a]22° +28.2° (c 5.70, 
CHCW; IR (CHCI3 fibn) 3570, 3062. 3029, 2913. 2868. 1496. 1453, 1364, 1208, 1095 
cm-'; 'H NMR (CDCI3, 400 MHz) 5 7.77-7.06 (m. 45H), 5.73 (m. IH). 5.01 (dd. IH. 
25 J=5.5. 3.3 Hz). 4.95 (dd, IH, J=5.8, 2.6 Hz). 4.90 (m, IH), 4.78 (d. IH. J=10.9 Hz), 4.75 

(d IH. J=n.4 Hz), 4.70-4.59 (6d. 6H), 4.47-4.37 (m, 5H), 4.28 (m, 3H), 4.19 (s, 2H), 

4 08-3!91 (m. 6H). 3.85 (m. 2H). 3.69 (m, 5H). 3.66 (IH. d. J=l 1.0 Hz). 3.50-3.19 (m. 

9H). 3.10 (dd. IH), 2.07 (m, 2H), 1.79 (d, IH, OH), 1.65 (d. 2H); "C NMR (CDCI3. 100 

MHz) 5 139.36. 138.72, 138.63, 138.52, 138.41, 138.29, 138.19, 138.07. 137.98, 128.35. 
30 128.20, 128.06. 127.97, 127.66. 127.54, 127.08, 114.82, 103.55, 102.67. 99.58. 82.93, 

81 67, 81.55, 79.32, 77.61, 76.90, 75.13, 75.02, 74.96, 74.80, 73.08. 72.99. 72.91. 72.01. 

69.95', 6922, 69.15, 68.34, 67.73, 67.57, 60.35, 30.19, 28.92; FAB-HRMS calc'd for 

C8«H940i^a*; 1405.6439. Found; 1405.6385. 

Hexasaccharide (29). The thioethyl donor 28 (543 mg, 0.425 mmol) and acceptor 25 
35 (587 mg, 0.425 mmol) were combined, azeotroped with anhydrous benzene (5x5 mL) 
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r <^,^,,rc The mixture was then dissolved in 3.5 inL 

, .00, CHCM, m (CHC. 3«,, 334J. 30.7. 3030. 7940. «^ 7 0 «^ 
L, 133 095 "H NME (CDC.., 400 Mz) 5 7.76 (4 7H, 3-7.5 H* 7.45.7.M 

n « d' J-2 2 H^^ 4 74-4.61 (m. 8H). 4.53-4.44 (4d, 4H). 4.38-4.30 (m. 4H). 4.18-3^2 

„,,,,,.,...^..j..;~;.~:;:;;;;;r.:U 

(FAB)oal.dforC,soHu,KO„SSi^a^2624^ ^^^^^^^^^^^ 
Peracetate of g.obo-H pentenyl glycos.ae (SCO- To^^ _ 
(585 .g. 0.224 nunc.) in THF (10 nO.) was ^^^^^ J^J 
30 :nL). The reaction stined at rt for 3 days, pourc -J' 

EtOAc (3x50 mL). The organic extracts were washed w.th satd. NaHCO, p 
^;ol).d.LoverMgSO..dconcen.atedtoanonw«chwa^^^ 

LUgo..cagel...O..The^^-;;^^^ 
MeOH (8 mL) and sodium methoxide was added (0.25 mL 
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The reaction stilted at rt for 18 hours, neutralized with Dowex-H+ filtered with MeOH 
washings and concentrated. To the resulting white solid was added THF (2.0 mL) and 
condensed liquid NH3 (~25 mL) at -78 'C. Sodium (-500 mg) was added and the 
resulting blue solution stirred at -78 °C for 2 hours. The reaction was quenched with 
anhydrous MeOH (-lOmL). brought tort and concentrated underastream of dry N2toa 

volume of -5 mL. The reaction was neutralized with Dowex-H+ filtered with MeOH 
washing and concentrated to a white solid. The white solid was dissolved m 5.0 mL 
pyridine and 5.0 mL CH2CI2 and cooled to 0 °C. A crystal of DMAP was added 
followed by acetic anhydride (5.0 mL). The ice bath was removed and the reacUon 
stined at rt overnight. Concentration followed by purification by flash column 
chromatography (gradient elution 75o/o EtOAc/hexanes->.000/o EtOAc-.5% 
MeOH/EtOAc) gave 168 mg (42%) of 30 as a white solid: [afc° 4.37° (c 1.85, CHCl,); 
IR (CHCI3 fihn) 2939. 1747. 1370, 1229, 1066 cm'; 'H NMR (CDCI3. 400 MHz) 6 7.66 
(d IH J=6.5 Hz). 5.77 (m. IH). 5.58 (d. IH. J=3.2 Hz). 5.47 (d. IH. J=3.5 Hz). 5.39 (d. 
IH J=3 2 Hz). 5.29 (dd. IH, J=10.9. 3.0 Hz). 5.24-5.06 (m, 5H), 5.04-5.02 (m, IH), 
4 99.4 85 (m, 4H). 4.74 (dd, IH. J=10.9. 2.9 Hz). 4.53-4.40 (m. 5H). 4.36 (m. IH). 4.26 
(dd IH J=10.6. 3.4 Hz), 4.18-4.03 (m, 6H). 3.99-3.96 (m, 2H), 3.87-3.81 (m, 3H). 3.77- 
3 7^ (m', IH), 3.51-3.45 (m, IH), 3.03 (m. IH). 2.16 (s. 3H). 2.15 (s. 3x3H). 2.13-2.11 
(m 2H). 2.10 (s, 3H), 2.09 (s. 3H). 2.08 (s. 2x3H). 2.08 (s, 3H). 2.07 (s. 3H). 2.05 (s, 
3H), 2.04 (s. 2X3H), 2.00 (s. 3H), 1.97 (s, 2x3H), 1.89 (s. 3H). 1.65 (m. 2H), 1.62 (s, 3H), 
1 14 (d 3H J=6 5 Hz); "C NMR (CDCI3. 100 MHz) 5 172.31. 171.55, 170.78. 170.61, 
170 57' l7o'.48. 170.41. 170.30. 170.08. 169.75. 169.61. 169.57. 169.44. 168.96. 137.76, 
,15 07 102.05. 101.29, 100.45, 99.23. 98.74, 94.29, 77.24. 77.16. 76.07. 73.68, 73.40, 
73 17 72 63, 72.34. 71.85. 71.77. 71.56. 71.34. 70.83, 70.71, 70.19, 70.08. 69.32, 69.03, 
68 88' 68.09. 68.01. 67.59. 67.32, 64.48, 29.80. 28.54. 23.12. 20.90. 20.88. 20.82. 20.74, 
, 2o'.73. 20.72. 20.71. 20.64. 20.62. 20.55. 20.54. 20.49. 15.91; FAB-HRMS calc'd for 
C77H,o7N047Na*;l 820.5911. Found; 1820.5994. 

Globo-H, pentenyl glycoside (16c). The peracetate (20 mg. 0.011 mmol) was 
dissolved in ai^iydrous MeOH (2.0 mL) and 100 nL of sodium methoxide was added 
(25% solution in MeOH). The reaction stirred at rt for 18 hours, was neutralized with 
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. f oH 6-7) filtered with MeOH washings, concentrated and purificated using 

K;:::^.r^O-%MeO^.O).enP.OeiCH.Oe.ten^^ 

.HKMK(MeOH.400MH.)5S..KlH)..lS(di^^^^^^ 

22H),3.35-3.31(ni,2H),3.iv^t. ' . « no 115 27 105.50, 

. T <: < u,y »C NMR (CDCb, 100 MHz) 6 174.53, 139.53. 115.^'. 

16.76.FAB-HRMScal.dforC«H.NO.oNaMl06.4115.Found;1106.4105. 
1) Discussion of synthetic methods: 

in general it was desired to incorporate the two antigens described above, faco^ 
, In general, Hwa:. „i„ci^el3 a tranformation utilizing 

GMl and globo-H into glycopeptides^ ^ el is was conteinplated. The 

catalytic asymmetric hydrogenation of glycosylated , 
.wapproachanticipatedaHorner.^— 

.^.bly protected glycine denved P^-P^J-°^ ,,„ericaily pure 

;5 catalytic asymmetric hydrogenation would hopefully ya 

glycoamino acid. ^^^^ ^ 

In but one example, an inventive giycu ,„,„:rt„ ester 

Snecifically the required lactose denved enaimde ester 
lactose derivatives was prepared. Specifically tn q 

.bstrate was prepared. The required ^^^^ " ^ . 

30 preparedaccordingto Figure 14. f ^ ^j^^^^^, aldehyde 

,000. . 1366) Mowed by ^ J^/I lolefil^ 

derivative. The crude aldehyde was then subjected to Homer Emm ^_ 

..^ethylguanidine phosphonate 33. ^J^'J^J, ,3; Kawai et 

(t^etl^lsilyOethyi ester CTSE) protection ^^'-^'^^Z^ 
al.. Cken,. Lett. 1990, 577) was chosen because of the need for the resulting g 
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acids to be orthogonaUy suitable for peptide couplings in the presence of acetate 
carbohydrate protecting groups. The enamide ester 34 was obtained as a single geometric 
isomer in 88% yield for the 2-step procedure. 

In one prefened embodiment, conditions for asymmetric hydrogenation of 
enamide ester 34 are detailed. The (S, S) ligand isomer of ethyl DuPHOS catalyst 
) precursor was utilized, which has been well characterized in these types of systems to 
give the (5)-isomer in the amino acid product The protected glycoamino acid was 
obtained in 98% yield and was determined to have been formed with a diastereomeric 
ratio (dr) of >20:1. Remarkably, the f-Boc protons are nearly baseline resolved and, in 
the asymmetric reaction, the minor isomer could not be detected. '^C analysis also 
5 supports the conclusion that the minor isomer is not formed within, the Umit of NMR 
detection. Hydrogenation of 34 with an achiral catalyst (Pd/C, MeOH) produced a 1:1 
mixture of R and S configured 35, providing a comparison for diastereomeric ratio 
determination. This reaction also indicates that chirality transfer to yield 35 occurs from 
the chiral ligand and not carbohydrate derived substrate control. A final step to be 
to performed prior to moving to synthesis and assembly of tumor anUgens was that, of 
demonstrating deprotectability of the blocking groups contained in the amino acid side 
chain. In the event, reaction of 35 with TB AF in THF gave acid 36. suitably prepared for 
peptide coupling, in 93% yield. 

With the general methodology demonstrated in the lactose model, in other 
25 preferred embodiments, advanced hexasaccharides 37 and 38, as well as other antigens of 
interest, were investigated. As shown in Table 2, olefmation of the peracetylated n- 
pentenyl glycoside of Globo-H. 37, under the same conditions as those used in Figure 14, 
provided the corresponding enamide ester 41 in 72% yield as a single isomer and 
provided fucosyl GMl hexasaccharide 16 in 10-22% yield. Notably, through use of the 
30 (5, 5)-Et-DuPH0S-Rh'" catalyst system, the hydrogenation of 41 and 42 proceeded in 
excellent yield producing 45 and 46 as single diastereomers by NMR analysis. 
Compounds 45 and 46 represent the first examples of synthetic glycoamino acids 
containing the complex oligosaccharides Globo-H and fucosyl GMi. 

Similar transformations on two other clinically promising antigens to generate 
35 their corresponding glycoamino acids were also performed in certain other embodiments. 
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. , T,«H,>fLe^oliBosaccharide has been identified as an important 
5 Asdiscussedprev:ously.Lev.s(LeOoUgosac ^ ^^^^3^ ,3,cinomas 

antigen for eliciting antibodies against colon. Uver. prosUte and o 

T ^AO'T j?7 lOQ. T lovd'e^ a/., Career 5io/. iyyA> 
(Lloyd et al.. ^m. J. dir. Path. 1987, S7. 129 Lloyd . . 

, r lOOfi ^5 406^ Previously, both a Le conjuga 

Yinetal..7«/.J.C«.c.r.l99M5 40Q , , ,,^ered Le> glycopeptide 

, .fi,.r 1998 45 281; Sabbatini et al. Int. J. Cancer 2000, 87, 79). 
/—or^^r. 1998, 45. 28 ^.i, 39 and the a-linked 

The results starting with both LC n-pentenyi g y , . ^ ^ rh^ 

esters 43 and 44 were obtained in 85 /o and /5 /o yieia:, ^ 

esters an « Wnre also produced diastereomerically pure 

isomers. Asymmetric hydrogenation, as before, also proa 
glycoamino acids 47 and 48 in excellent yields. 
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l»a;(2)TMG.SS,THF.-7SlC Hj.SOpM.Tn 



CondiUons: 
pyr.; then MeiS; (2) 

product, yield 



Globo-H (371 



41.72% 



product, yield, dr 



45, 98%. >20:1 



9 AcNH 

H,C- 




42.10-22% 



46, 93%, >20:1 



Fucosyl GMi (38) 



""US' . 

O AcNH BiO 
AcoO*« 139) 



43. 85% 



47. 99%. >20:1 



(40) 

Q-Tn antigen 



48, 99%. >20:1 



Table 2 

With the glycoamino acids as describedabove in hand, it would thus^ 
to generate novel glycopeptides. Specifically, in one embodiment, a novel glycopep.de 
incorporating globc-H, Le^, and Tn is provided. Specifically, the C-tenninus is modified 
to include a conjugation handle for carrier protein KLH. The mercaptoacetannde umt has 
proven to be effective forthis purpose. As shown in Figure 15, theTn glycoanuno ac.d 

48 was treated with TB AF to reveal the corresponding carboxylic acid. Coupling w.^a 

di.aminoipa..rtern±.atedina^^^ 

under the agency of the BOP reagent (benzotriazol-l- 
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oxytris(diniethylaimno)phosphonium hexafluorophosphate) gave the conesponding 
amide in 50% yield for the 2 steps. Removal of the ^/-terminal Boc group gave amine 49 
as its trifluoroacetate salt. The next antigen. Le*. was prepared for coupling by reaction 
of 47 v/ith TBAF to give acid 50. Coupling of amine 49 with Le' acid SO, again with the 
BOP promoter, gave the Tn-Le» di-peptide 51 in 86% yield. Lastly. Globo-H glycoamino 
acid 45 was treated with TBAF to give its corresponding acid 52. Removal of the Boc 
protecting group in 51 followed by coupling with acid 52 gave the Tn-Le='-Globo-H tri- 
peptide in 64% yield. Finally, the i^-terminal Boc group was removed and the resulting 
anime capped as its acetate to give tripeptide 53 in 95% yield . With all components in 
place, the ester protecting groups were removed with hydrazine in degassed methanol to 
give the fully deprotected glycopeptide 54 (Figure 16) in excellent yield. As discussed 
below, the inventive glycopeptides prepared as detaUed herein can also be conjugated to a 
suitable carrier protein or lipid. 

2) Experimental Genenl. DuPHOS-Rh* catalysts were purchased from Strem 
Chemical Co.. Newburyport, MA. All other commercial materials (purchased from 
Aldrich-Sigma) were used without further purification. The following solvents were 
obtained from a dry solvent system (passed through a column of alumina): THF, diethyl 
ether (EtjO), CH^Cl,. toluene and benzene. All reactions were performed under an 
atmosphere of dry N,. unless otherwise noted. NMR ('H and '^C) spectra were recorded 
on a Bruker AMX.400 MHz or Bruker Advance DRX-500 MHz and referenced to 
residual solvent unless otherwise noted. IR spectra were recorded with a Perkin-Ehner 
1600 series-FTIR spectrometer and optical rotations were measured with a Jasco DIP-370 
digital polarimeter using a 10-cm path length cell. Low-resolution mass spectral analysis 
were performed with a JOEL JMS-DX-303 HF mass spectrometer. Analytical TLC was 
performed on E. Merck siUca gel 60 F254 plates and flash colmnn chromatography was 
performed using the indicated solvents on E. Merck silica gel 60 (40-63 mm) or Sigma 
H-type silica gel (10-40 mm). 
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,7 (1.«6S. «.« »»•» ' ™' " „ ' -L) «.d b.n«» (3-0 

™ H»is-» b» "7, f4 1 , h.. ^ « 
• iiSmU The reaction mixture was stuied at 0 C lor i n 
,0 eqmv., 1.35 ni). The re ^ ^^^^^^^^ 

^removed. After an add.Uot.al 1 ho ^^,^3^ ^solved in a 

CO— dut.derastreaniofd:yn:trose. ^^^^^^^^^^^^ ^^^.^^ 

^ount of CHCl, and ^^^ ^V 77 (Note l"- perfonn this flash in the 
EtOAc/hexanes) to yield the hennacetals (1.41. 91 A). (N P ^ 
hood.Kote.isolateho.a..rs._ ^ 

hemiacetals (1.41 g mg- '^ ^S J 2.93 g). The 

. -1 /A ml was added, followed by K2CU3 (.a.u =4 
trichloroacetomtnle (4.25 mL) was add , ^ ^ ^^^^^ 

taction stirred at room temperature ovenught and w^ m 
^^additionalmethylenecMoHde.ConcentraUonof^eo^^^^^^ 

chromato^aphy (lO^SV. ^ ^p.^,, . 

(1 .30 ms. 770/.) as a yellow oil. (Note: a-anomer elutes first, then 

, . -Hpnfa-Tn The TCA-donor as shown in Figure 17 (1.30 g, 

2.72 mmol) was dissolved m THF (0.2M ^^^.^ ^ ^ 

, ^) and cooled to -10 »C (acetone .ce b th) A port. ^^^^^ 

was added and the reaction starred for Ihou^ Sohd ^^^^ 

...on was filtered — ^te — ^^^^^ 

chromatography (25o/o ^^O^^^^^^^^^^' 2: The starting materials .d 
.eparate. Their ratio is "^^firs! then 50.0) can h^ 

^ .teed a „ r.. 2 -f J 
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determined to be superior.) 

,epresentativeoftMsprocedu.e.The„-pentenylglyc^^^^^ 

..solvedin 10.0..1 McOH:CH.a..pyridine (3 ^'^^^^^^^^^^ , 

,.dto78»C Astteamofdryozonev/aspassedthioughthereactionnux 
cooledto.7 C. A ,^„,ed and the reaction starred at -78 

pale blue color persisted. The ozone sour 

aldehyde (0-0^^^ i 5I^n ^^as extracted with 

i ^diimU E«DAc (2«10 mL). (Not=. «! «i. TMO m „a 

EtOAc); IR (CDCh film) 3373, 2956, 2951. i ^ ,^ , ^ IH J=3 1 Hz). 

5,44 (d. m. J-3.4 m>, 5.3, IH. W, 5..7 ! ^3. ^ 
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m T-20HZ-) 3 94(t.lH.>6.4Hz).3.86-3.72(m.6H),3.60-3.57(m.lH). 
1.962(s.3H,1.95(s.3H).1.92(s.9H).. s3^.-^5^^^^^^^ 

153.19. 134.70. 126.80. 102.35. 101.99. 101.26. ^''^'' '''''^^ ^^^^^ ,0.78. 

76.88.7.98.73.61.73.36.73,08.72.80.72.56.72.37 7.8 .7. . 1^.^^^^^ 

70.69.70.67.70.37.70.06.70.0,68.92.68.82.6.9 7. .6.4^^6^^^.^^^^^ 

, 6X14.61.67.6,29.61.09.60.92.56.16,28.12.27.98. .52 .8M3.0^^^.^ 

20.70.20.68.20.64.20.60.20.59.20.54.20.46.20.40.17. .7.24.115 

.t.58;HRMS(FAB)cald.forC,^..N.O.SiNa2079.7145.found2079.7174. 

r 0 05 fs 9H)- "CNMR(CDCl3, 100 MHz)8 170.29. 170.^1, 

7251 1 56,70.87,70.52.68.95.68.83.66.47,63.54,61.88.60.66 33. ,28.05.27. 
24r20:73:20.68.20.57.20.5,20.39.17.2,-,60..HKMS(^^^ 
30 C43H«,NO.,SiNa 986.4013. found 986.4029. 

o«. ^-t, fn^- JJ.0 45 (75% EtOAcAiexanes); IR (CDCI3 film) 

■ r;«"X=r;r;.— ^^^^^^^^^^^^^ 
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,=14 1 8.0 Hz); 4.36 (dd. IH, J=9.7. 5.1 Hz), 4.27 (m. IH). 4.15-4.30 (m, 5H), 3.86 (dd. 
IH J=10.1. 3.3 HZ). 3.78-3.71 (xn. 3H). 3.62 (dd, IH, J=9.8. 1 .7 Hz). 3.30 (d, IH, J=9.6 
Hz) 3 18-3.08 (m. IH), 3.04 (bm, IH). 2.08 (s, 3H). 2.04 (s, 6H). 2.01 (s. 3H). 1.99 (s. 
9H)', L98 (s. 3H). 1.94 (s, 3H). 1.89 (s, 3H). 1.88 (s. 3H), 1.86 (s. 3H). 1.83 (s. 3H), 1.55- 
152(m 2H). 1.32 (s,9H), 1.01-1.00 (m.6H). 0.91-0.88 (m,2H). -0.07 (S.9H); CNMR 
(CDC13. 100 MHz) 8 172.56. 172.40. 172.28. 172.11, 172.06, 172.04. 171.87. 171.77. 
171 57 171.43. 171.20. 171.06, 166.69, 166.32, 154.76. 136.48, 135.14, 131,29, 130.76. 
130 19 127 93, 102.82. 101 .83. 101.72. 97.65. 97.1 1, 81.66, 75.40. 74.80, 74.55. 74.32. 
74 01 72 87. 72.65, 72.35. 72.28. 71.14. 70.66, 69.73. 69.28. 69.15. 69.02. 68.34, 66.43. 
65 38' 64 92, 63.36, 62.05. 61.80. 59.87. 29.66. 29.62. 29.48, 25.83, 24.02, 22.51. 22.46. 
22.3l'. 22.14, 22.12. 22.09. 22.0o3, 18.75. 17.30, 17.00. 15.63. -0.04; HRMS cald. for 
C7^ii2N204iSINa , found X. 

Tn enamide 44. 75%. white foam; RyOM (100% EtOAc); IR (CDCl, film) 3340. 3071. 
2954 1715 1663,1498, 1369, 1218.1162,1049cm';'HNMR(CDCl3. 400 MHz) 
5 6.3*8 (bs, IH), 6.15 (bs. IH). 5.26 (d, IH. J=2.7 Hz), 5.02 (dd. IH, J=l 1.5, 3.2 Hz), 4.79 
(s IH) 4 48-4.42 (m, IH). 4.16-4.12 (m, 2H). 4.03 (m. IH), 3.99-3.92 (m. 2H), 3.62- 
3 56 (m, lH).3:40-3.35 (m. IH). 2.26-2.16 (m. 2H). 2.03 (s, 3H), 1.92 (s. 310 1.86 (s. 
3H) 184 (S.3H). 1.67 (S.3H). 1.33 (S.9H). 0.94-0.9 (n,.2H). -0.06 (S.9H); CNMR 

(CDC13, 100 MHZ) 5 170.28, 170.11. 170.06. 164.70. 134.6. 108.73. 97.26, 80.31, 67.95, 
67.05. 66.35. 63.51. 61.67, 47.46, 27.87. 27.49. 22.78, 20.43, 17.05, -1.74; HRMS (FAB) 
cald. for CjoHs.NjOisSINa 675.3 160. found 675.3124. 

Fucosyl GM. enamide 42. 10-22%; RfO.25 (10% MeOH/EtOAc); >HNMR (MeOH. 500 
MHz) 8 7.94 (d, 2H, J=7.2 Hz), 7.48 (t, IH). 7.36 (t, 2H), 6.21 (t, IH). 5.71 (m. IH), 5.38 
(d IH J=3.2 Hz), 5.29 (dd, IH. J=10.8, 8.8 Hz), 5.22-5.19 (m, 4H), 5.05-4.78 (m, lOH). 
4 43 (dd. IH. J=14.1. 8.0 HZ). 4.36 (dd, IH, J=9.7, 5.1 Hz), 4.27 (m, IH). 4.15-4.03 (m. 
5H) 3 86 (dd, IH. J=10.1. 3.3 Hz). 3.78-3.71 (m. 3H), 3.62 (dd, IH, J=9.8, 1.7 Hz), 3.39- 
3 37 (m IH), 3.30 (bd, IH, J=9.6 Hz), 3.18-3.08 (m, IH), 3.04 (bm, IH), 2.08 (s. 3H). 
2 04 (s, 6H), 2.01 (s, 3H), 1.99 (s. 9H). 1.98 (s. 3H), 1.94 (s. 3H). 1 -89 (s. 3H). 1.88 (s. 
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3H).1.86(s.3H).1.83(s.3H).l.M.52(n..2H).1.32(s.9H).1.01.1.00(«.6H).0.91- 

0.88 (m,2H), -0.07 (s,9H).- 

Genera, procedurefora,yn.n.etrichydrogenation. under aninendco^^^^^^ 

a^osphere. KC0D)Rh-((5. SJ-Et-DuPHOSifOTf (0.005 Huncl. ^ 

desired enan.de ester(0.100n«,o,)weredisso,vedindeoxygenated^^^^^^^^ 

^ OOlNDinaFischcr-Portextube. T^e reaction vessel was pressunzed ^.th 50 ps of 

mL,auiM;ma ^ ,c f„ 24-36 hours, or until the reaction 

H2 after three vacuummj cycles and stirred at 25 C for 24 JO no ' 

Wfronilight orange to brown incolor. The vessel was depressunzed. the — 
concentrated andpurifiedthroughashortplug of silica ,el to yield theglycoannnoact^ 

Laetoseglycoar„inoacid35.98%;.,0.45(6a%EtOAc/hexa„es)-H>^(^^^^^^^ 

MHZ) 8 5 4 (dd. IH. J=10.4. 8.0 Hz). 5.48 (d. IH, :=3.2 Hz), 5.39 (t. IH. ,=9.2 Hz) 
r(dd.lH,U.2.UHz).5.12Cd.lH,,=3.1Hz).5.09(d.lH,.=3.3Hz,4.54.^ 

L 2H) 4 33 Cd IH. J=7.8 Hz). 4.19-4.06 (m. 6H). 3.74-3.58 (m. 2H), 3.49-3.40 (n.. 
, ;T3C H 0.9 HZ), 3.23-3.16 (tn. 2H). 1.96 (s. 3H). 1.94 (s. 3H). 1.90 (s. 3H). 
;^;sml.7;(s.3H),1.64(s,3H).1.51(s.3H).1.45(s,9H).0.91-0.88(..2H^^ 

010 (s' 9H)- "GNMR (CsD. 100 MHz) 5 173.26. 170.44. 170.41 170.18. 170.09. 
r;.15L.102.98.101.06,79.73.77.59.74.13.73.21.72.73.7m^^ 
69.58. 67.28. 63.76. 63.01. 61.25. 54.41. 34.76. 32.76. 28.62. 28.80. 25. 5. 22.45, 2U8. 
5 20.93, 20.84. 20.76. 20.57. 20.46. 20.15. 17.83. -129; HRMS (FAB) cald. for 
C«H67NOi2SiNa 988.3870. found 988.3821. 

G.obo-Hglycoa,ninoacid45. 98o/.;IR(CDCl3fdm) 3373, 2956. 2951. 1748 1370^ 
.069 cm-; -H KMR (C^e. 500 MHz) 5 6.54 (d. IH. J=6.5 Hz). 5.89 (d^ IH. 1=3. Hz, 
30 5.86 (d. IH. )=3.1 HZ, 5.74-5.69 (nt. 3H). 5.50-5.46 (n., 2H), 5.39-5. 34 (. m 5- 1 
fdd IH J=13 4 0 7 HZ, 5.26 -5.19 (m. 2H). 5.15 (d. IH. J=8.1 Hz). 5.09-5.06 (m. 3H), 
;(!; m M0.9.2.5Hz,4.74.4.72(.lH).4.70.4.69(.IH,4.66(t.lH).4.S8. 

4::9(.3H);4.45-4.4U.m4.37.4.33(.,2H).4.24-4.2(.^^^^^^^^ 
3H) 4 04-4.01 (m.2H). 3.91-3.86 (m. 3H); 3.71-3.69 (m. 2H). 3.64-3.57 (m. 2H,^^^^^^^^^ 
33 lH)'.3.28.3.27(«.lH,3.23-3.21(n..lH).2.38(s.3H,2.30(s.3H).2.19(s.3H).2.01 
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20.48, 17.31, 15.88. -1.55; HRMS (FAB) cald. for CssH.oN.O.SiNa 
2081.7247. 

^. r-i N .^-1. »H NMR (CDCI3, 400 MHz) 
„iAdi QQ%-IR(CDCl3filin)cm , tirNmx^vv-^ 

3 «.3.!9 (.. IH), 3.75.3.« (.. 3H). 3*3.6. ft ' , „ 

mm 5«23 S3,«4,39.12,32.25.29.30,2«.41.»*^-'"'^"-"- 
ro',2':.S,2,.02.n*.6.36,.5.«,...-,HBMS,.AB,...t.. - 

C™H„J<,0„SIN. 1797.(i55!, fouod 1797.6528. 
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15 



T„ glycoamino acid 43. 99%; IR (CDCI3 film) 3362, 2954. 2990. 2871. 1749, 1716, 
1683 1668, 1520, 1369, 1249, 1164. 1047 cm'; 'H NMR (CDCI3. 400 MHz) 5 5.66(d, 
IH ;=9 3 HZ). 5.24 (d. IH. J=2.8 Hz). 5.03 (dd. IH. J=11.4. 3.3 Hz). 4.98 (d, IH. J=8.1). 
4 73 (d IH. J=3.3 Hz). 4.48-4.42 (m. IH). 4.17-4.07 (m, 3H). 4.05-3.93 (m. 3H). 3.59- 
3 54 ,H). 3.33-3.27 (m, IH). 2.04 (s. IH). 1.93 (s. 3H). 1.87 (s. 3H), 1.86 (s. 3H), 
1 73-1.70 (m, IH). 1.57-.150 (m, 3H). 1.31 (s. 9H). 0.91-0.87 (m. 2H). -0.06 (s. 9H); C 
NMR (C^. 100 MHZ) 6 173.44, 171.04, 170.57. 170.35. 169.89. 156.06. 98.59. 79.82, 
69 29 68.30. 68.07. 67.43, 64.01. 62.33, 54.33. 48.63, 32.87. 29.05. 28.76. 23.24, 22.82. 
20.89', 20.66, 20.47, 17.85, -1.28; HRMS (FAB) cald. for CoHssN.OnSiNa 677.3316, 
found 677.3352. 

General procedure for iV-Boc deprotectioa. TTie desired glycoamino acid (0.100 
mmol) was dissolved in CH.Cl:(3.0mL)with stirring. Trifluoroaceticaad (TFA) 

(3 OmL)was added dropwise and the reaction stirred at rtfoi 1 hour. The mixture was 

then concentrated with a st^am of dry N, and azeotroped with anhydrotis benzene 
20 (2x5mL)togivethecrudeamineasitsTFAsaltwhichwastypicallyt:sedwithoutfurther 

purification. 

General procedure for TSE ester deprotection. The desired glycoamino acid (0.100 
„^ol) was dissolved in THF(1.0-3.0mL)and cooled to0"C.A1.0Msolutionof 

25 TBAF in THE (0.250 mmol. 2.5 equivs.) was added dropwise, the ice bath removed and 
thereactionstirredatrtforl-2hour.as judged by TLC. (Note: prolonged reaction times, 
i e >10 h may result in deacetylation.) The reaction mixture was diluted with CH.Cl. 
(lOmL) washed with 0.05M aqueous HCL (50 mL). and back-extracted with addiUonal 
CHaCh (2x10 mL). The combined organic layer was dried over anhydrous Mg,SO. and 
30 concentrated. The crude acid was typically used without fiirther purification. Ac.d36: 
>H NMR (CDCl,, 400 MHz) 5 5.22 (d. IH, J=2.8 Hz). 5.07 (t, IH. J=9.3 Hz). 4.98 (dd, 
,H J=10.4. 5.9 Hz). 4.84 (dd, IH, J=10.4, 3.5 Hz). 4.75 (dd, IH, J=9.5. 8.0 Hz), 4.42- 
4 25 (m 2H). 4.34-4.31 (m, IH). 4.15-4.14 (m, IH). 4.03-3.94 (m. 4H). 3.77-3.65 (m. 
5H) 3 ^9-3.45 (m, IH). 3.37-3.33 (m, IH). 3.10-3.07 (m. lH).-2.03 (s. 3H). 2.00 (s. 3M). 
35 1 96 (s. 3H), 1.94 (s, 3H), 1.92 (s. 3H), 1.84 (s. 3H). 1.51-1.46 (m. 4H), 1.32 (s. 9H). 
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purification (LH-20,MeOH). 

. .,midesDacer 54%, colorless oil; «/0.35 (10% 
iV.fiocTnwithmercatoacetam.de spacer. 1692,1658, 

,535 1440 1369.1245.n66cm-';'HNMR(MeOH.400MHz)85.40(d,lHJ 2.9 

, n di m J=n 6 32Hz),4.42Cdd,lH.J=11.5,3.5Hz),4.23(t,lH.J=6.7Hz). 
Hz), 5.13 (dd, IH, J n.b, :>-^ h 
20 414-4.05(m,2H),3.96(in,lH),3.74.3.69(m.lH),3.60(s,2H) 3 

.0.28,54.58,47.62,3.47.35.97.33.02,31.92,30.^^^^^^^^^^ 
25 20.68. 20.64; HRMS (MALDt) cald. for C^Hs^N^OuSNa 771.30^ 

p nfi5f20%MeOH/EtOAc);'HNMR(MeOH. 
Le-/rndipeptide51. 86%. white film; ^^0-65 (20/. MeU 

400MHz)58.06(d.2H.:=7.4Hz,7.63(t.lH).7.51(t,2H) .^d H^^^ 

o CI Ao/m 7H^ 3 20-3 13(m,5H),236(s,3H),2.2U(,s,jn;,-:.i«v . 
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10 



15 



„.„, ,4.6S. 74.J2, 73.0.. 72.70, 72.56, 72.47, TZU. 7 -9 . 

«,.,0, .7.84, «.43, «.43, «.50, «. 2, «.57, " 
3774 3712,33.«9,32.72.30.42,3051,30.01,28.«,23.72,23.44,2i 

2n3 2ok20.86,20.74,20.«,16.6,,.6.2»,HRMS(MAlI>l)-".f« 
C,.,H,»N.O„SIN.2327.!421,f»nd 2327.8536. 

»^<„..««»..5.»,^^ 

la J=7-5 Hz). 4.96 (d, IH, J n^J. . . ,5 9H) 4.32-3.92 (m, 

4.77(..3H,,..72.4.70<>3H,,4.6«.5n^3ffi^««^«^^^^ 

, 3,K.3.S6.3.67(.,.3HX3.»(.,m3.^(«.m.»'-™^^ 
3.24-3.18 (».5H),236(.,3H),219(^3H),2..7(.,ra,2^ (. 

(UH,.2.B8(UH),2..33(s,3H,,212(UH),2.n«U^"l?<-'^ 

U.2...6(OH,,2.0,0<UH.2..8,.3,. .0.,»;»^.^ 



3H),M6-1.13(m, 6H). 



30 



35 



„.OH»OA*'H«R(CDC,,.500MH.)68.»(4.2H -7^3^^^^^^^ 

,H, ,.2.1 H.,, 5.4. (4 IH, >3.4 H^). »• '-^"^^ ^ , „ („, 

5.32.5.28 (., 7», 5.28 (4, IH). 5.22-5.10 (« J 
5.06,„,1H,,5.0M.87,..3«4..5.,2(. «.^«^^^^ 
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====== 

4H), 1.23-1.20 (m,2H). 1.13-1.09 (m. 9H). 

■iiiiiiis 

,nf At neutral pH it crossUnks ammo groups with sw:cuuima 
30 reagant. At neutral pti ^^^.^^^ p^d^ 

.rmims with maleimide. The thiol group IS provide! oy w y 
groups wim mai N-tenninal and lysine side-cham of the 

. V - „f rlii«ter and the amino groups by the w-ieraunm ou ./ 
backbone of duster ana tne. mbS is purified by column and cross- 

KLH. After linkage MBS to KLH the unreac.d ^^J^^ , 
Unked to cysteine on the synthetic polycar^hy^t c ^^Th ^ ^^^^^^ 

35 removed by passage of the reaction mixmre through a CcntnPrep 
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i niolecular weight cut-off. Tie epitope ratio is then cdculated by estim^^ 

content by standard method and carbohydrate by high-j.H anion-exchange chromatography 
with pulsed ampetometric detection (HPAEC-PAD) method. 

2). Exanq>le4: Immunological Studies 
0 ' It will be appreciated that the inventive glycoconjugates and glycopeptides, as 
provided herein, are useful for the treatment of cancer and are useful for inducing an 
antibodyresponseinasubject Typical protocols for the use of such glycoconjugates and 
glycopeptides axe described in more detail below, and are also detailed in certam 
references incorporated herein. 

15 

1) Jmmunization of Mice 

Groups of mice (CB6F1 female; 6 weeks of age) obtained from Jackson 
Laboratory, Bar Harbor. ME. axe immunized subcutaneously with Polycarbohydrate 
cluster-KLH (globo H, Le^, Tn) containing equivalent to 3 ^.g of total carbohydrate only 
20 (the quantity of KLH varied depending on the epitope density) mixed with 10 ^g of 
i:r„nuBologicaI adjuvant QS-21, a saponin derivative from the bark of the QuiUaj. 
saporu^ria Molina tree (Ragupathi ai Ange^. Chem. IrU. Ed. Engl mi, 36, 125) 
(Aquila. Worcester. MA) at 0. 1 and 2 weeks and bled 10 days after the 3 immunization. 
The presence of antibody is assayed by an enzyme linked immunosorbent assay (ELISA) 
25 as described previously (Ragupathi et al. Angew. Chem. Int. Ed Engl 1997. 36, 125) 
using the appropriate target antigen (e.g.. globo H-ceramide. Le'' ceramide and/or Tn(c)- 
pamcys as target antigen). The ceU surface reactivity can then be tested, for example, the 
cell surface reactivity of anti- globo H.Le>,andTnantibodies are tested on globo H.Le'. 

Tn positive cell-lines by flow cytometry assays. 



30 



2) Serological Analysis: 

ELISA- Enzyme-linked immunosorbent assays (ELlSAs) are performed as 
described (Ragupathi G, Park TK". Zhang S. Kim 1-J. Graber L, Adluri S. Lloyd-KO, 
Danishefsky SI, Livingston FO. Immunization of mice with a fuUy synthetic globo H 
35 antigens results in antibodies against human cancer cells; A combined chemical- 



87 



wo 01/14395 PCT/USOO/22894 

N ^ inriihated for 1 h at room temperature, uu 
(0.1 Hg) and incubated Absorbance is 

,0 «>absorbancc0.1 or greater above that ofnormd mouse sera. 

. ! ":ri"g..cens.om.e,oboHand.e^-pos.veb^ 

Appropriate ceUs (e.g suspensions 
,,eMCF-7andCo.nc.c.ce.^^^^^^^^ 
,3 of2X10=ceUs/tubearewasheduiPBSwith3/ ^^^^ 

. on Ml of 1-20 diluted antisera or mAb Vl<.-y loi u 
incubated with 10.1 of 1^0 di ^, 15 goat anti-mouse IgM or IgG- 

.ashiBgtheceUstv.cewith3/.i:CSmPB^^^ 
. labeled with fluorescein-isothiocyanate (FITC) is 0, ^^^^^ 

After wash, the positive population and mean fluorescence mtensity 
20 analyzedbyflowcytometryCEPICS-Profilell). 
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Claims • 

1 . A compound having the structure; 

wherein R is hydrogen; substituted or unsubstituted alkyl; alkenyl; aryl; 
-CH2CH(C02R')(NHR"), wherein R' or R" are each indpendently hydrogen, protecting 
group, substituted or unsubstituted alkyl, a linker, aiyl, peptide, protein or lipid; or 
NHR'", wherein R'" is a protein, peptide, or lipid linked to N directly or through a 
crosslinker; wherein n is 0-8; and wherein A is a carbohydrate domam having the 
structure: 




wherein a, b, c, d, e, f, g, h, i, x, y and 2 are independently 0, 1 , 2 or 3, with the 
proviso that x, y and z are not simultaneously 0; wherein Ro is hydrogen, a linear or 
branched chain alkyl, acyl, arylalkyl or aryl group; wherein Ri, Rz, R3, R4 , R5, R« , R7, 
R3 and R9 are each independently hydrogen, OH, OR*, NH2, NHCOR', F, CHzOH, 
CH2GR'; a" substituted or unsubstituted linear or brancHed^Eaiiralkyl, (mono-, di- or^ 
tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl, arylalkyl or aryi group; wherein R' is 
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5 hydrogen, CHO, COOR", or a substituted or unsubstituted linear or branched chain alkyl, 
arylalkyl or aryl group or a saccharide moiety having the structure: 



1 0 wherein Y and Z are independently NH or 0; wherein k, 1, r, s, t, u, v and w are 

each independently 0, 1 or 2; wherein Rio, Rn, R12, R13, Ru and R15 are each 
independently hydrogen, OH, OR"', NH2, NHCOR"', F, CH2OH, CHaOR^', or a 
substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl, arylalkyl or aryl group; wherein R16 is 

15 hydrogen, COOH, COOR", CONHR", a substituted or unsubstituted linear or branched 
chain alkyl or aryl group; wherein R'" is hydrogen, CHO, COOR*^, or a substituted or 
unsubstituted linear or branched chain alkyl, arylalkyl or aryl group; and wherein R" and 
R'^ are each independently H, or a substituted or unsubstituted linear or branched chain 
alkyl, arylalkyl or aryl group, with the proviso that if A is KH-1, N3, Globo-H, 

20 glycophorin, Tn, TF, STN, (2,3)ST, 2,6-STn or Le^, and A is a-O-linked, then n is at 
least 1 . 

2. The compound of claim 1, wherein R is allyl. 
25 3, The compound of claim 1 , wherein n is 1 and R is allyl. 
4, The compound of claim 1 , wherein n is 2, and R is allyl. 




w 
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5. The compound of claim 1 , wherein R is NHR'", and wherein the protein R'" is 
KLH or Bovine Serine Albumin, whereby said compound is a glycoconjugate. 
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5 

6. The compound of claim 1 , wherein R is NHR'", and wherein the lipid R'" is 
PamCys, whereby said compound is a glycoconjugate. 

7. The compound of claim 1 . wherein R is CH2CH(C02R'){NHR") and the resulting 
10 glycopeptide has the structure: 

NHR" 

8; The compound of claim 7 wherein n is 3 . 

15 . 

9. The compound of claim 7, wherein R' and R" are each hydrogen or a protectmg 
group. 

1 0. The compound of claim 9, wherein R' and R" are each protecting groups 

20 independently selected from the group consisting of Fmoc, acetyl, Boc, r-butyl and TSE. 

11. The compound of claim 1 , 4, 7 or 8, or the glycoconjugate of claim 5 or 6, 
wherein the carbohydrate determinant is selected from the group consisting of Globo-H, 
fucosyl GMl, KH-1, glycophorin, N3Jn, TF, STN, (2,3)ST, 2,6-STn, and Le^. 

25 

1 2. The compound or glycoconjugate of claim 1 1 , wherein A is the carbohydrate 
determinant fucosyl GMl having the structure: 
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'RO 




\ OR' 
OR' 



'ROzC- 




Wherein each occurrence of is independently hydrogen or a protecting group; and 
wherein each occurrence of R" is independently hydrogen or.a nitrogen protecting group. 

10 13. The compound or glycoconjugate of claim 1 1 , wherein A is the carbohydrate 
determinant Globo-H having the structure: 



OR' ^OR' OR! ^OR* O^j ^OR' 




I OR' 
R'O 



15 wherein each occurrence of R' is independently hydrogen or a protecting group, and 
wherein R" is hydrogen or a nitrogen protecting group. 



14. A method for the synthesis of complex carbohydrates comprising: 

(a) providing a carbohydrate acceptor having a reducing end alkenyl group; 
20 (b) providing a suitable donor compound; and 
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5 (c) coupling said donor and acceptor under conditions to generate an alkenyl 

glycoside. 

15 Thefflethodofclaiml4,whereinthestepofprovidingacarbohydrateacceptor 
havingareducing end alkenyl group comprises providing an acceptor having the 

10 structure: 




whereinPisaprotecting group andnis 0-8. and wherein the step of providinga 
suitable donor compound comprising providing a donor having the structure: 





NHSOjPh 



wherein n is 0-8, and wherein P is a protecting group. 



16 The method of claim 14. wherein ttie step of providing a carbohydrate acceptor 
having a reducing end alkenyl group comprises providing an acceptor having the 

20 Structure: 
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9 ^op 



OP 




op^.:W-^^° OP- 
OP OP 



wherein P is a protecting group and n is 0-8, and wherein the step of providing a 
suitable donor compound comprising providing a donor having the structure: 




SEt 



NHSOjPh 



wherein n is 0-8 and P is a protecting group. 

17. A method for the synthesis of a glycoamino acid comprising the steps of: 
(a) providing an alkenyl glycoside having the structure: 



and reacting said alkenyl glycoside under suitable conditions to generate an 
enamide ester having the structure: 
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NHR" 



(b) reacting said enamide ester under suitable conditions to generate a 
glycoamino acid having the structure: 



,C02R' 
NHR" 



wherein, for each ofthe structures above,nis 0-8, whcreinAisacarbohydratedomam 
having the structure: 




whe«in 8. b,c,d.e.f.g,h,U.yandzare independently 0.1.2or3,>vith the 
proviso that x, y and z are not simultaneously 0; wherein R, is hydrogen, a Imear or 
branched chain alkyl. acyl, aiylalkyl or aiyl group; wherein R,, Rj, R3. , Rs. R< . Rt. 
R. and R, are each independently hydrogen, OH. OR'. NH,, NHCOR'. F, CH.OH, 
CH:OR' a substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
trDhydroxyalkyl, (mono-, di- or tri)acyloxyalkyl. arylalkyl or aryl group; wherein R « 
hydrogen, CHO, C06R«. or a substituted or unsubstituted linear or branched cham^^^ 

arylalkyl or aryl group or a saccharide moiety having the structure: 
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« -L •«'uirctuv and w are each 
u •„ V «nd Z are independently KH or O; wherein k,l,r,s,t,u, van 

"tilt. r .2.,l»«.K,.K,,,R..>>...K..»^ 

protecting group or hydrogen. 
K3,Tn,2,6-STn.andTF. 

19. Then,ethodofclaiml8.whereinAisacarbchydratedetenninanthavin^ 

25 structure: 



30 
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,0R' OR' 




Wherein each occurrence of R' is independenUy hydrogen or a protecting -group; and 
wherein each occunence of R" is independentiy hydrogen or a nitrogen protecting group. 



20. The 
structure: 



method of claim 1 8, wherein A is a carbohydrate determinant having the 



OR' ^OR' OR' ^OR' 

R-o-A^^^i^oA^^-^o-^i^ 

O NHR" R'O 



r OR' 

RO 



O ^OR' ^OR' 

OK OR 



wherein each occurrence of R' is independently hydrogen or a protecting group, and 
wherein R" is hydrogen or a nitrogen protecting group. 

21. TTie method of claim 17. wherein the step of reacting an alkenyl glycoside under 
suitable conditions to generate an enanude ester comprises reacting an alkenyl glycoside 
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5 festundcroxidativedeavageconditionsaadsecondunderolefinationconditionsm 
presence of base andphosphonate to generate an enamide ester. 
22. TtemethodofclaimZl.whereinsaidoxidativecleavageconditionscomprise 
ozonolysis, and wherein the base is tetramethylguanidine. 

'° 23 The method of claim 21 , wherein said oxidative cleavage conditior« are OsO, and 
periodate. or OsO. and Pb(OAc>, and wherein the base is lithitmit-butoxide or lithium 

hexamethyl disilyla2dde. 
15 24 Themethodofclaimn.wheretothestepofreactingsaidenamideesterunder 

suitable conditions to generate a glycoantino acid comprises reacting said enamide ester 

under hydrogenation conditions and subsequent reaction under deprotection conditions to 

generate a glycoamino acid. 
20 25. Themethodofclaim24.whereinsaidhydrogenationisachievedviaasymmetric 

hydrogenation. 

26. . Themethodofclain.25,whereinsaidasyn^etrichyto 
utili2ing an ethyl DuPHOS catalyst precursor. 



25 



27 Amulti-antigenic glycopeptide comprising a peptidic backbone made up of at 
least three amino acids, wherein one or more of said amino acids are substituted with an 

nralkyl glycosidic moiety having the structure: 



^ ' n 



peptide 
backbone 



30 

wherein each occurtehce of A is a carbohydrate determinant having the structure: 
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wherein a, b.c,d.e,f.g,h.i.x,yandzaxe independently 0,1.2or 3, with the proviso 
that X. y and z are not simtdtaneously 0; wherein Ro is hydrogen, a linear or branched 
chain'alkyl, acyl. aiylalkyl or aryl group; wherein R„R2. Rs. .R^.R. . R7.RsandR, 
are each independently hydrogen. OH. OR'. NHa. NHCOR', F. CH.OH. CH.OR'. a 
substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl, arylalkyl or aiyl group; whereinR" U 
hydrogen, CHO. COOR". or a substituted or unsubstituted linear or branched chain alkyl. 
arylalkyl or aryl group or a saccharide moiety having the structure: 



Ro- 





wherein Y and Z are independently NH or O; wherein k. 1, r, s. t. u, v and w are 
each independently 0. 1 or 2; wherein R.o. R.i. Rn. Ri3. Ru and R,s are each 
independently hydrogen, OH. OR'". NH. NHCOR"'. F. CH.OH. CH.OR™. or a 
substituted or unsubstituted linear or branched chain jUcyl, (MnP-. di- or _ 
tri)hydroxyalkyl. (mono-, di- or tri)acyloxyalkyl, arylalkyl or aryl group; wherein R„ is 
hydrogen C00H,C00R«. CONHR", a substituted or unsubstituted linear or branched 
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5 chain alkyl or aryl group; wherein is hydrogen, CHO, COOR^ or a substituted or 
unsubstituted linear or branched chain alkyl, arylalkyl or aryl group; and wherein R" and 
R" are each independently H, or a substituted or unsubstituted linear or branched chain 
alkyl, arylalkyl or aryl group; 

wherein each occurrence of n is mdependently 0-8, whereby, if for each 

10 occurrence of n, n = 0, at least one occurrence of A has a different structure from other 
occunences of A; and wherein the n-alkyl glycosidic moiety is either a- or p-linked to an 
amino acid. 

28. The glycopeptide of claim 27, wherein said glycopeptide is a construct having the 
15 structure: 



AcHN 




Wherein the linker is either a free carboxylic acid, (carboxamido)alkyl carboxamide, 
20 MBS, primary carboxamide, mono- or dialkyl carboxamide, mono- or 
diarylcarboxamide, linear or branched chain (carboxy)alkyl carboxamide, linear or 
branched chain, (alkoxycarbonyl)alkyl-carboxaniide, linear or branched chain 
(carboxy)arylalkylcarboxamide, linear or branched chain 

(alkoxycarbonyl)alkylcarboxamide, an oligoester fragment comprising from 2 to about 20 
25 hydroxy acyl residues, a peptidic fragment comprising from 2 to about 20 amino acyl 
residues, or a linear or branched chain alkyl or aryl carboxylic ester; wherein the carrier is 
a protein or lipid; wherein m is 1, 2 or 3; wherein Ra, Rb and Rc are each independently 
H or methyl; and wherein Rd, Re and Rp are each independently an alkyl glycosidic 
moiety having.the structure: 

30 
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wherein each occurrence of A is independently selected from a carbohydrate domain 
having the structure: 




wherein a, b, c, d, e, f, g, h, i, x, y and z are independently 0, 1, 2 or 3, with the 
proviso that x. y and z are not simultaneously 0; wherein the carbohydrate domain is 
linked to the respective amino acyl or hydroxy acyl residue by substitution of a side 
group substituent selected from tiie group consisting of OH, COOH and NH^; wherein Ro 
is hydrogen, a linear or branched chain alkyl. acyl, arylalkyl or aryl group; wherein R,, 
R2, R3, R4 , Rs, R6 . Rt, Ra and R? are each independently hydrogen, OH, OR^ MHz, 
NHCOR', F, CH2OH, CH2OR', a substituted or unsubstituted linear or branched chain 
alkyl, (mono-, di- or tri)hydroxyalkyl, (mono-, di- or tri)acylQxyalkyl, arylalkyl or aryl 
group; wherein R' is hydrogen, CHO, COOR«, or a substituted or unsubstituted linear or 
branched chain alkyl, arylalkyl or aryl group or a saccharide moiety having the structure: 
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wherein Y and Z are independently NH or O; wherein k, I, r, s, t, u, v and w are 
each independently 0, 1 or 2; wherein Rio, Ri i, Ri2, Ri3, Ri4 and Ris are each 
independently hydrogen, OH, OR"', NHj, NHCOR'", F, CH2OH, CHjOR"', or a 

10 substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 

tri)hydroxyalkyl, (mono-, di- or tri)acyloxyalkyl, arylalkyl or aryl group; wherein Rie is 
hydrogen, COOH, COOR'', CONHR", a substituted or unsubstituted linear or branched 
chain alkyl or aryl group; wherein R'" is hydrogen, CHO, C00R'\ or a substituted or 
unsubstituted linear or branched chain alkyl, arylalkyl or aryl group; and wherein R" and 

15 r'" are each independently H, or a substituted or unsubstituted linear or branched cham 
alkyl, arylalkyl or aryl group; and 

wherem each occurrence of n is independently 0-8, whereby, if for each 
occurrence of n, n = 0, at least one occurrence of A has a different structure from other 
occurrences of A; and wherein the n-alkyl glycosidic moiety is either a- or P-linked to an 

20 amino acid. 

29. The compound of clahn 27 or the construct of 28 , wherein each occurrence of A 
is independenUy Globo-H, fucosyl GMl. KH-1, glycophorin, Le^' N3, Tn, 2,6-STn, 
(2,3)ST,orTF. 

25 

30. The construct of claim 28, wherein said compound has three occurrences of A 
comprising Tn, Globo-H and Le^ 

31. The compound of claim 27 or the construct of claim 28, wherein at least one 
30 occurrence of A is a carbohydrate determinant having the structure: 
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wherein each occurrence of R' is independently hydrogen or a protecting group; and 
wherein each occurrence of R" is independently hydrogen or a nitrogen protecting group. 

32. The compound of claim 27 or the construct of claim 28, wherein at least one 
occurrence of A is a carbohydrate determinant having the structure: 




15 

wherein each occurrence of R' is independently hydrogen or a protecting group; and 
wherein R" is hydrogen or a nitrogen protecting group. 

33. A synthetic construct having the structure: 

20 
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wherem a, b, c, d, e, f, g, h. i, x, y and z are independenUy 0, 1. 2 or 3, with the 
proviso that x, y and z are not simultaneously 0; wherein Ro is hydrogen, a linear or 
branched chain alkyl, acyl, arylalkyl or aiyl group; wherein Ri, Ra, R3, R. , Rs, R« , Rt. 
R, and R, are each independently hydrogen, OH, OR*. NH2. NHCOR', F, CH2OH, 
CH2OR', a substituted or unsubstituted linear or branched chain alkyl, (mono-, di- or 
tri)hydKixyalkyl, (mono-, di- or tri)acyloxyalkyl, arylalkyl oraryl group; whereinR' is 
hydrogen, CHO. COOR«, or a substituted or unsubstituted linear or branched chain alkyl, 
arylalkyl or aryl group or a saccharide moiety having the structure: 
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Ro- 





































V 




whereiB Y and Z are independently NH or O; wherein k, 1. r. s, t. u, v and w are each ■ 

independenUy 0, 1 or 2; wherein R,o,Rn,R...R.3.RH and R., are each independentiy 

hydrogen. OH, 0R»'. NH:. NHCOR». F. CH.OH, CH.OR'", or a substituted or 

unsubstituted linear or branched chain alkyl. (mono-, di- or tri)hydroxyalkyl, (mono-, di- 

or tri)acyloxyalkyl, axylalkyl or aryl group; wherein Ru is hydrogen, COOH, COOR' . 

CONHR". a substituted or unsubstituted linear or branched chain alkyl or aryl group; 

wherein R'" is hydrogen, CHO. COOR''. or a substituted or unsubstituted linear or 

branched chain alkyl, arylalkyl or aryl group; and whereinR« andR" are each 

independently H, or a substituted or unsubstituted linear or branched chain alkyl, 

arylalkyl or aryl group; 

wherein n is 0-8; wherein the carrier a lipid or protein linked directly or through=a 

crosslinker; and v^erein m is in the range of 20 to 600. 

34. The construct of claim 33, wherein m is in the range of 200 to 600. 

35. The construct of claim 33, wherein n is 4. 

36. The construct of claim 33, wherein the carbohydrate determinant is selected from 
25 the group consisting of Globo-H, fucosyl GMl, KH-1, glycophorin, STO, (2,3)ST, 2,6- 

STn,N3,Tn,TFandLey. 



20 



37, The 
the structure: 



construct of claim 33 or 35, wherein A is a carbohydratejleterminant, having 
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OR* 



,0R' 



OR' 



,0R' 



'RO- 




\ OR* 
OR' 



'RO2C 




wherein each occurrence of is independently hydrogen or a protecting group; and 
wherein each occurrence of R" is independently hydrogen or a nitrogen protecting group. 

38. The construct of claim 33 or 35, wherein A is a carbohydrate determinant, having 
the structure: 



OR' _^0R' OR! OR' 0^1 ^OR* 




1 OR' 
R'O 



wherein each occurrence of R' is independently hydrogen or a protecting group; and 
wherein R" is hydrogen or a nitrogen protecting group. 
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5 39. A pharmaceutical composition comprising: 

a compound or construct of claim 1 or 27, and 
a phaimaceutically suitable carrier. 

40. A method of treating cancer in a subject suffering therefrom comprising: 

10 administering to a subject a therapeutically effective amount of a compound or 

construct of claim 1 or 27, 

and a pharmaceutically suitable carrier. 

41 . The method of claim 40, wherein said method comprises preventing the 
1 5 recurrence of cancer in a subject 

42. The method of claim 40 or 41, farther comprising co-administering one or more 
immunological adjuvants. 

20 43. The method of claim 42, wherein at least one of said one or more immunological 
adjuvants is a saponin adjuvant. 

44. The method of claim 43, wherein said saponin adjuvant is GPI-01 00. 

25 45. . The method of claim 42, wherein at least one of said one or more immunological 
adjuvants is bacteria or liposomes. 

46. The method of claim 45, wherein the immunological adjuvant is SalmoneUa 
minnesota ceUs, bacille Caknette-Guerin or QS21. 



30 



47, The method of claim 40 or 41, wherein the cancer is a solid tumor. 

48. ^ ^The methodofclaim.4aor 41, wherein the subject is^in clinical remission, < 
where the subject has been treated by surgery, has limited unresected disease. 



35 
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5 49. A method of inducing antibodies in a subject, wherein the antibodies are capable 
of specifically binding with tumor cells, which comprises administering to the subject an 
amount of a compound or construct of claim 1 or 27 effective to induce the antibodies. 

50 . The method of claim 49, further comprising co-administering one or more 
10 immunological adjvrvants. 

5 1 . The method of claim 50, wherein at least one of said one or more immunological 
adj uvants is a saponin adj uvant. 

15 52. The method of claim 5 1 , wherein said saponin adjuvant is GPI-01 00. 

53 . The method of claim 49, wherein at least one of said one or more immunological 
adjuvants is bacteria or liposomes. 

20 54. Themethodof claim 53, wherein the immunological adjuvant is 5a/mo«e//a 
mimesota cells, bacille Calmette-Guerin or QS21. 

55 . The method of claim 49, wherein the subject is in clinical remission, or where the 
subject has been treated by surgery, has limited unresected disease. 

25 
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Compounds, methods of synthesis and uses related to the 
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article 17(2) (a) PCT). 

5. Claims: 1-11 (in part). 14 (in part). 17-18 (in part). 

21-36 (in part). 39-55 (in part) 

Compounds, methods of synthesis and uses related to the 
first structural formula of claim 1 where A is N3 and R is 
as defined in claim 1 (as limited according to article 
17(2) (a) PCT). 
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6. Claims: 1-11 (in part), 14 (in part). 17-18 (in part), 
21-36 (in part). 39-55 (in part) 



Compounds, methods of synthesis and uses related to the 
first structural formula of claim 1 where A is Tn and R is 
as defined in claim 1 (as limited according to article 
17(2) (a) PCT). 
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claim 1 (as limited according to article 
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Compounds, methods of synthesis and uses related to the 
first structural formula of claim 1 where A is 2,6-STn and R 
is as defined in claim 1 (as limited according to article 
17(2) (a) PCT). 
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